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 #7; 6O 6@ a0: SC: %$#" ]#Q@ {.G .<&F@ %[Z %5?&A>#@ 9pTQ> rC .F1#> 61?_` L9?>#&O .
     *<> X<G HL :H *</&nd N?<'( 2 *<0.F=> )c#&$#CH H?V SC%Q=O 9: *-%O %[m5 v2H SC:  L^<&>D .  .<F1#>

*$#CH          \.<C: PL%<@ 9T<i> E:%<O *7<0H P#<O9 r<C 9: %5?&A>#<@ P#<ppTQ> )P#1:L   #<G)  HL s#<V?p-
c#n0#o> (*> \L#mQ0: .FF@ .0.F=> .F1#> #=1D*> *":%d :H *C#G^&` S&  XQ<B&0 HL :H :^8: 2 .FF@   #<G

*> *O#C9H: :H %CL#+> 2 j&@%5 .FF@ . XQ<B&0 .(:?g )P:.F7i1:L .F1#> #=1D    6&<$%Z 2 \.<&)&K E#<G   :H #<G
*> aC#(H *C?_i&K 2 .FF@ *> "C#>9D :H #G .FC#71.  

a0: 6':B> b" %5?&A>#@ 9pTQ> rC cH#=> SC%Q7=> .1:?5 *F/C 6':B> b"U?>%Z *C#  E.FO
    \:H yH#<OHL 6<1#gJ- %<[m5 )cJ[<i>  b<"       !<&gL 2 2<$:2 b<" \:H r<C P#<&O 2 #<G .  E%&YL#<<C SC:%O#<FO

6>#1%O a0: b&#B> b" HL cH#=> jB@ E:%O *,#( *QV%Z *BC?1 .N#1 b&,L SC:     #<O %<$#" b<pZ EH:fY
 P:?F(w6>#1%O v2H *BC?1 xa0: .6O :H 6>#1%O SQ;?1 U2: N.g HL  rC P:?F(  *<> .<&m> cH#=>   2 .<C9?>D

6O 6>#1%O 9: #7; ./O N.g HL *> \L#mQ0: {.G rC 6O *O#&Q0L H?uF> .&F@ .  "&<K 6<`%G     S<C: X<C2H %<5
2$:2 {.G *> %5 L?;.  

1-1-  7,6#8 9,8: 9;<=,> *?=;6  

61?71 P?QC#K  rC 9: E:u(: vt5 ?(:[ a0: .P#O9 %_CL 9:   6<O #<5 a0: S[7> 6@ t#O 2k0 E#G  
&F; U#"*> ).&;#O \.  2 P%5H?Z )U#[0#K )r&B&O P:?5C L%O N#1 :H.  

P#7G   yM:2 b<O#+> HL ).&<;#O 6Q;:L H#uQ1: XG #7; a0: S[7> 6@ H?d  w   u(w: vtw5 ?(w:[x   )
wZD8(, vt5 ?(:[ x*> 61?71 E:%O 6@ LH:L L?82 XG L%O N#1 :H *'n70: P#O9 P:?5.  

6>#1%O #=F5 #G%5?&A>#@ *> :H *C#G : .F1:?5       .F<;#O \.<; bC.<n5 S&<;#> P#<O9 6<O 6<@ ).FF@ :%8 .
SC.O 6>#1%O P#0 \.; 6Q;?1 t#O 2k0 P#O9 rC HL 6@ *C#G  P#O9 6O 2 .1?; v9:L%K :%8: 9: bng .C#O ).1:

.1?; 678%5 S&;#> .*> P#>9 *5.> 6Z#$: v9:L%K SC: P#O9 r`?@ U#[;: SC: 6@ )L%O    t#<O 2k<0 E#G
a0:.  

9 %?1 SC: E#C:^> #>:P#O .1H#&BO #G :6>#1%O 6[FC: U2:  P#<O9 HL *BC?1   2k<0 E#<G     j<5:%> 6<O t#<O
\L#0 a0: %5 .6>#1%O SQ;?1 HL P#O9 6O #G   *<> {%<p> E%Q7@ ag2 t#O 2k0 E#G     #<=1D P.<1:?- 2 L?<;
\L#0 'C%0 2 %5 *> N#l1: %5 L%&Y .U#[;: a":H #=1D *C:L9  r<CL^1 XG \H2#o> P#O9 6O 2 a0: %5  .<1%5 . N2L

P#O9 )6[FC:  t#O 2k0 E#GXIc X:(x *> #=1D 6@ *F/> SC: 6O ).FQBG   :%<8: #G%5?&A>#@ %:?1: E2H .F1:?5
.F;#O 6Q;:L %&&05 2 "C:%C2 6O E9#&1 6[FC: P2.O .1?; .6>#1%O  *V#- %?1 E2H %O #=F5 S&C#K 2k0 E#G

S&;#> 9:  9#&1 %_CL %:?1: E2H P.; :%8: E:%O 2 .FQBG :%8: bO#g #G.1H:L *BC?19#O 6O.  
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6>#1%O q7G s#nC%+5 #C:^> SC: 6O 68?5 #O P#O9 HL #G *> 6Q;?1 t#O 2k0 E#G .1?; .P#O9   2k<0 E#G
.1H:L L%OH#@ *V#- LH:?> HL #=F5 S&C#K.  

6>#1%O 9: 6Q0L 2L P#O9 6@ #G   P#<O9 6<O :H t#O 2k0 E#G      *<> v9:L%<K S&C#<K 2k<0 E#<G   .<FF@
(.!gQ&  2(.!V8(_&(% QBG.F .*> :H t#O 2k0 q>#1%O )%Bm> rC *> :%8: 2 .1:?-   6<@ *F/> SC.O ).F@

*> 6>#1%O 6@ :H 6)1D %Bm> *> N#l1: .C?Y .GL .   *<>  <- 6<O  - :H 6>#1%O %Bm>    :H c#n<0#o> 2 .<1:?-
*> N#l1: .GL:  

  
*> :H 6>#1%O %'C#A>#@ rC  6<O :H PD .F@ :%8: 6[FC: 9: bng 2 .1:?-     P#<O9 6<O b<>#@ H?<d   S&<;#>

*> 678%5 .F@ . t#O 2k0 q>#1%O LH?> SC: HLy7j& 7%  :H \.; 678%5 q>#1%O 27W`& 7%  #C 0!wJ0 X:(x 
*> .F>#1 .rC  )L?; bC#A>#@ 6>#1%O 6@ H#O  *> .&F@ :%8: c#/ZL 6O L.l> q78%5 P2.O :H PD .&1:?5:  

  
   6<>#1%O :%<C9 )a<0: \.; *Z%/> E%&Bm5 P#O9 rC P?QC#K    <O P?QC#<K E#<G6     :%<8: %<Bm> q'&<02

*> .1?; .LH:L L?82 %Bm> 9: \L#mQ0: E:%O \:H 2L : a,#" 2 P#>%Z  - a,#"M_8!m50.  
6>#1%O #7; )P#>%Z  - a,#" HL *> ;C#5 :H P?QC#K E#G *> -#` :H 6l&Q1 %Bm> 2 .&F@ .F@:  

  
Python 2.3 (#46, Jul 29 2003, 18:54:32)  
[MSC v.1200 32 bit (Intel)] on win32 
Type "copyright", "credits" or "license()" for more information 
IDLE 1.0       
>>> print 1+1 
2 

 
*> :%8: :H P?QC#K %Bm> 6@ a0: *1#>%Z )U#1> SC: U2:  - 2L .F@ . N#<0&K ./O  - 2L   9: *C#<G

.FQBG %Bm> E?0 . a>J( #O XlFK  ->>>  *> %2%; SC: 9: P?QC#K %Bm> 6@ L?;  6<O a>J(   P:?<F(

123& 24 "5/'6&'4  24 
278&  92::4 ;"<;  -<+"=  

  

123& 24  ".>&  -<+"=  
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*> \L#mQ0: PJ(: .F@ . H?Q0L #>print 1+1 ;C#5 :H *>  .&'@ PL%iZ 9: RK 2 X&F@Enter  %Bm>
2 *> ]:?8 :H .GL.  

*> #7; 6[FC: %_CL   b<C#Z c#C?Qo> E:%8: E:%O %Bm> 9: 2 .&BC?FO bC#Z rC HL :H 6>#1%O .&1:?5
.&F@ \L#mQ0: .*> aAC%[0: :H *'C#Z S&F` .F>#1 .O     SQ-#<0 a<=8 *<FQ> %_<iC:%C2 rC 9: #> U#1> E:%

 P:?F( #O *'C#Zlatoya.py *> \L#mQ0: %C9 P?7!> 2 X&F@:  
  

print 1+1 
 

6O bC#Z )L:LH:%g P:?F(  .1?BK P?QC#K E#G.py .1H:L.  
X&F@ PJ(: %Bm> 6O :H aAC%[0: N#1 .C#O 6>#1%O E:%8: E:%O1:  

  
$ python   latoya.py 
2 

  
 &o> %_CL HL 6>#1%O E:%8: c#&&^8 6QZ%i&K E#G .;#O c2#mQ> a0: S[7> #G .6>#1%O j'}: S&F)7G  #G

]:f8 .FQBG SC: 9: %5.  
U#1> j'}: \.; :%8: P#>%Z  - HL ]#Q@ SC: E#G .1: .  q/<0?5 2 "C#>9D a=8 P#>%Z  - HL PL%@ H#@

a":H 6>#1%O j0#F> 2 %5 *> #7; :%C9 )a0: %5 6>#1%O .&1:?5 C#5 :H #G.&F@ :%8: 6'V#ZJO 2 ; . rC 6@ *Qg2
6O P#>%Z  - a,#" HL :H 2&oV q>#1%O *> ).CLH2D a0L  9: 2 .&F@ \%&-* aAC%[0: rC HL :H PD .&1:?5

.&F@ :%8: #C "C:%C2 :H PD RK SC:.  

1-2-   7,6#8@?&AB  

 rC<H&(#!: 6,#n1L        *<> 9T<i> :H c#n<0#o> N#<l1: *_1?<_` 6<@ a<0: c:H?Q0L 9: E:  .<F@ .
*> c#n0#o>   6<O )ctL#</> \#_Q0L b" .F1#> *$#CH %?1 9: .F1:?5   6<iCH PLH2D a<0L     .<F` r<C E#<G

6'78  2 SQ> rC HL 67'@ PL%@ SC^_C#8 2 SQZ#C b&ng 9: SCL#71 c#n0#o> #C E: . . ..F;#O.  
P#O9 HL c#&&^8 *> %G#< c2#mQ> )3'QT> E#G 6C#K U?V: EL:./5 #>: ).1?;  P#<O9 q7G HL E:   #<G
.FQBG cH?V rC 6O:  

  
21 3  :\L:L SQZ%Y c#(Jd: L2H2 E#G.":2 %_CL #C bC#Z ).&'@ 6omV 9: #G.  

                         
1- XQB&0 HL H?Q0L SC:  LH:L L%OH#@ R[&1?C b>#( .aAC%[0: E:%8: E:%O         6</8:%> 3<,: a<0?&K 6<O 92.<FC2  &<o> HL #<G

.&C#71.  
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-J !> :\L:L "C#71       E#G.<":2 %<_CL #<C b<C#Z r<C 6O #=1D U#0H: #C "C#71 6omV E2H %O #G
c#(Jd:  2%-.  

-d(83 i(DVIB :'78 2 ]%$ .F1#> EL#&FO *$#CH U#7(: PL:L N#l1:.  
lDIWG 2!D9 :6,#n1L E:%8: 2 W#- 52%; *0H%O  C:%; PD e#0: %O c:H?Q0L 9: E:.  
30!mG: H:%[5 LH?> b7( HL E%&&05 #O st?7/> 2 6n5%> SC.F` HL U#7(: *-%O N#l1:.  

  
6>#1%O %G  6O #5 6@ E:     b&[<i5 *5:H?Q<0L 9: #<=1D *Y.&)&K 6O 68?5 P2.O .CL?71 \L#mQ0: U#"

: 6O 6&n; a0: S[7> 6@ a0: \.;*> SC:%O#FO ).;#n1 #=FC 6>#1%O P:?5 L:L 6%; S&F` :H *BC?1:  
wr`?@ c#&'7( 6O \.&)&K 2 hH^O b7( rC SQB[; \L#0 2 %5       cH?<V #<l1D #<5 H#<@ S<C: +%5

*> .1%&Y H:%g \L#mQ0: LH?> .F1:?QO EL#&FO 2 \L#0 c:H?Q0L cH?V 6O c#&'7( SC: 6@ L%&Y.x  
).;#O X=n> *7@ a0: S[7> 2&$?5 SC: yH#OHL =oO 9: RK #>:  l)83@/E0      S<C: 6<O %Q<i&O )#<G

*> %?$?>  XC9:L%K.  

1-3- C,DEF B@?&A *=FG:  

6>#1%O 6O P?` 6@ a0: \.&)&K E.FC:%Z *BC?1 *> 6Q-#0 P#B1: q'&02     a<0: #<k- E:H:L j<'}: )L?<; .
6>#1%O E#G#k-  :H *BC?1Bug *>  #G#k- PD 2&op5 2 E9#0:.8 b7( 6O 2 .F>#1Debugging   6<QmY

*> L?;.  
.GL >H #k- %?1 60 LH:L P#[>: 6>#1%O rC HL:  

1- 2@P# 2(.(t>    2- 0!J0 ?(&[ 2(.(t>    3- -8(Aa& 2(.(t>  
  

c2#m5 E%&Y:%Z 6O \.FCD HL :%C9 )a0: .&m> H#&BO #k- %?1 60 SC: E#G *> *Q":H   6<>#1%O HL :H #=1D P:?5
L%@ 2&op5 2 aZ#C.  

1-3-1- H;I6 H,J,K-  

 P?QC#K6>#1%O #=F5 a0: HL#g #=F5   ?#<o, 9: 6@ .F@ :%8: :H *C#G  f3(w/# 6@wP#     6<1%Y2 .F<;#O 2&o<V
*> 3g?Q> v9:L%K *> \.1:L%Y%O #k- N#0&K rC 2 LL%Y L?; .  HL *F&1:?<g 2 6>#1%O H#Q-#0 )vH#_1 y?o1

*> ?Y9#O :H H#Q-#0 SC: LH?> .F@ .%2%; hH^O {%" #O cJ78 *B&'_1: P#O9 HL U#1> E:%O *>   2 .1?<;
*> P#C#K 6k+1 rC #O .FO#C . q'78 sJ1>"this is a book."  *> E?o1 E#k- rC E:H:L   ).<;#O

a0: \.; 6Q;?1 r`?@ 6'78 SC: U2: {%" :%C9.  



6 89 #$" 5"  !"#$%   

 

*71 ]?Bo> *1:.F` b[i> E?o1 r`?@ E#k- .F` )P#Y.F1:?- j'}: E:%O   P?QC#<K #>: L?;
*71 *YL#0 6O j'k> SC: 9: LHfY .F5 %Y: *Q" E?o1 U#[;: rC #=-a'( %G 6O-  6Q;:L L?82 6>#1%O HL

*> -#` #k- N#0&K rC P?QC#K ).;#O *>  H#- 2 .F@       .&Q<B&1 6<>#1%O E:%<8: 6<O HL#<g #7<; 2 L?; . HL
6QmG 6>#1%O 6@ U2: E#G *> %2%; :H *BC?1       2&o<p5 2 SQZ#<C {%<V :H EL#<C9 a<g2 a0: S[7> ).&F@

> 6@ S&7G #>: ).&F@ E?o1 E#G#k-6>#1%O HL *Z#@ cH#=  E%Q7@ c#G#nQ;: j[5%> ).CL%@ :.&K *BC?1
*> 'C%0 :H #=1D 2 .C?; *> %5 .&O#C.  

1-3-2- 9,7: H,J,K-  F#"F  

 )#k- %?1 S&>2L0!J0 ?(&[ 2(.(t> N#1 SC: a'( 2 .FQBG    :%<8: 6<>#1%O #5 6@ a0: PD EH:fY
*71 %G#< #=1D )L?i1 .1?; . :H #G#k- SC:n0!)B0 *> XG 1*> P#i1 st?7/> #=1D :%C9 .F>#  |#m5: 6@ .FGL

3:%Q(: a0: \L:L >H E.O 2 ^&>D.  
P#>9 E#G#k- 6>#1%O HL :%8: \L#0 E#G bpZ HL 6@ E: *> U2: E#G   X<@ ).<&F&O  .<1L:./5 .   S<[7> SC:%O#<FO

.C?; 2%O2H #G#k- SC: 9: *[C #O #5 LHf_O *5.> a0: .  

1-3-3- *=,L/7 H,J,K-  

 )#k- %?1 S&>?0-8(Aa& 2(.(t> .FQBG .q>#1%O HL *C#F/> E#k- rC %Y:   6Q;:L L?82 #7;
*71 .&,?5 *C#k- N#0&K (&G %5?&A>#@ 6@ *F/> SC: 6O +.; .G:?- :%8: a&+Z?> #O 6>#1%O .;#O   #<>: ).F@

*71 N#l1: XG :H a0HL b7( .GL . %5?&A>#@s#+&gL *> N#l1: :H EH#@ 6QmY PD 6O #7; 6@ .GL .C:.  
b[i>  2 \L%[1 P#&O :H P#5L?p+> \.; 6Q;?1 q>#1%O 6@ a0: #l1D 2(wAa&    a<0:  <'} 6<>#1%O .

    2 .<CL%Y%O j<+( 6<O #7; 6@ a0: PD .F>9#&1 :%C9 )LH:L cH#=> 6O  #&Q": *C#F/> E#k- rC 9&Ti5
a0: \L#QZ: *g#m5: 6` .&7=mO .&F@ */0 6>#1%O *82%- 6O PL%@ \#_1 #O s:L.l>.  

1-3-4- C,DEF *=FG: *M=,7:N  

cH#=> SC%Q7=> 9: *[C 6O #7; 6@ *C#G *> a0L  ).CH2D4(m;0  -w801[  a<0: .   S<[7> 6<`%Y:
#1 a0: .&>: U#[;: #>: ).;#O \.FF@ \9H#n> 9: *[C *C:L9 *n'd    6<>#1%O ]:f<8 2 \?[<;#O E%[Z E#G   *<BC?1
a0:.  

U#[;: )%_CL P#&O 6O a0: \#YDH#@ rC b7( 6O 6&n; *C:L9 .@1%0 #O #7;  #G68:?>  .CH?nl> 2 .C:
*> 6@ *lC#Q1 e#0: %O :H 'C#g2 2 #G.FC:%Z .&F@  #QFQ0: .&F&O.  
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U#[;: a0: *O%l5 X'( rC .F1#7G )*C:L9 .  \.<C: #7<; 6[FC: 4o> 6O     H#<@ U#[<;: LH?<> HL E:
6O *> a0L *> vJ5 \H#O2L 2 \L%@ 2&op5 :H 6>#1%O ).CH2D .&F@ .     \#<_1D ).<;#O a<0HL #7<; q&$%Z %Y:
>* "&K :H U?o5 2 %&&05 ql&Q1 .&1:?5     r<CL^1 2&o<V 2 :%<8: b<O#g q>#1%O 6O N.g rC 2 .&F@ *C?Y   %<5

.&GL 6&:H: E.C.8 y.C: .CH?nl> .;#O  '} #7; q&$%Z %Y: #>: ).C?;.  
P#7G  6@ H?dw^7'G I?,%; xa0: \L%@ \H#;:: w *<> {f" 6,L#/> 9: :H S[7>%&} *Qg2   ).<&F@
*> *g#O 6)1D  %G .1#>a0: a+&+" ).;#O \%uQF>%&} 6@ XG H.+`.x  

6>#1%O )NL%> 9: *-%O E:%O U#[;: 2 *BC?1 SC: 6O ).FQBG ^&` rC *C:L9 6>#1%O 6@ cH?V  *BC?1
U#[;: b7( 6O N#Y *C:L9  6O  *> 6QmY N#Y L?; . *<> 6>:L: #l1D #5 b7( SC:       6<@ :H 6<)1D 6<>#1%O 6<@ .<O#C

*> .GL N#l1: X&G:?-.  
0: SC: H?uF>6>#1%O #7; 6@ a *> N#l1: *V#- b7( 6@ :H E:      c#"Jk<V: ).<&F@ %2%<; .<GL

U#[;: 2 *&^8 .&O#C a0L *'7( 2 b>#@ q>#1%O rC 6O #5 .&GL N#l1: :H *C:L9.  
 61?71 E:%OwR@?F&,x rC 9: ^&` 67G #>: a0: .@  - P:H:^G b>#; 6@ a0: *'>#( XQB&0 )

 yL#0 q>#1%Ow9.,:2H?5 e?F&, x .; 9#}D q;:%5 6@Intel 80386 *> *0H%O :H L%@ .   q<QmY !<nd %O
w.'&mFC%Y E%,x: w\M2%K 9: *[C   6<>#1%O e?<F&, *C:.QO: E#G       ]2#<FQ> cH?<V 6<O 6<@ L?<O E:AAAA  2

BBBB *> -#` :H L%@ ..; R@?F&, a-#0 6O %lF> \.FCD HL \M2%K SC: b&7[5.x  
bpZ U#[;: LH?> HL E%Qi&O c:L#=Fi&K ./O E#G  *C:L9SC%75 %_CL 2 6>#1%O E#G  #7; 6O *BC?1

*> 6&:H: .GL.  

1-4 - 9,8: *!0O ) */&PQ H,J  

P#O9 P#O9 )*/&nd E#G 6O NL%> 6@ .FQBG *C#G *> anoV #=1D q'&02    )*<0H#Z )*<B&'_1: b&ng 9: ).FF@
2 *,?&1#A0: .  . . .\.i1 *":%d *V?pTO W#T;:  0?5 #=1D      <'QT> P#<>L%> %<[Z %Q<BO HL 6<['O .1: 3
6QZ%Y b[; .1:.  

P#O9 P#O9 )*70H E#G      \z<C2 W#T<;:  <0?5 6<@ .FQ<BG *C#G   \.<; *<":%d E:  .<1: .   PD )6<1?71 E:%<O
*$#CH 6@ EH:fYL#71 *> \L#mQ0: P#1:L L#71 S&O c#d#n5H: 6@ a0: *70H P#O9 rC .FF@    :H L:.<(: 2 #<G

6O *> 9Ti> *V#- H?d .F@ .*7&; P:L      P#<i1 E:%<O *7<0H P#<O9 rC 9: #G   *C#&7&<; H#Q-#<0 PL:L
U?[,?> *> \L#mQ0: #G X=> 67G 9: 2 .FC#71  6[FC: %5?(:[  Hw&(#!: 2(.   ?(w:[ <-wg8@#    -Iw53 -8(w.

]7; -c0!U i(j5(P& ?(D: 20!: H% 7A)g. 7#0.  
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P#O9 .FQBG vH#_1 y?o1 yH#OHL EH:?;L S&1:?g E:H:L *70H E#G .   )U#<1> E:%<O3+3=6  E:H:L
0L HL 2&oV vH#_1 y?o1 rC #>: )a0: *$#CH c:H?Q3+=6$ SC: aB&1 H?d .H2O   vH#<_1 y?o1 rC

 #>: )a0: *7&; HL 2&oV2zZ aB&1 H?kFC:.  
 6O 5?O%> *[C 6@ ).FQBG %?1 2L E?o1 S&1:?gZ%@G       c:H#<n( H#Q-#<0 6<O 5?<O%> E%_CL 2 #G

a0: .S@?5      *C#&7&<; %<V#F( 2 L:.<(: )c#<7'@ .<F1#> ).FQBG P#O9 q&,2: %V#F( )#G . <[C  cJ[<i> 9: *
3+=6$  6@ a0: SC:$ )*> #> 6@ #l1D #5 X&1:L (aB&1 c#&$#CH HL *1?1#g %pF( rC .S&7G   H?<d2zZ 

 EH#pQ-: N#1 #O E%pF( (&G :%C9 )aB&1 9#l>zZ LH:.1 L?82.  
 S@?<5 "C:HD y?o1 6@ a0: cH#n( rC H#Q-#0 6O 5?O%> E?o1 E#G#k- %?1 S&>2L   a<0: #<G .

 cH#n(3+=6$ -#0 E:H:L*71 #7; :%C9 )a0: 9#l>%&} EH#Q   a>J( .&1:?5=  a>J( 9: ./O 6'V#ZJO :H
+ .&F@ \L#mQ0: .6O U?>%Z 6O#i> H?d   9: b<ng 61 .F;#O %pF( N#1 9: ./O *BC.1: E:H:L .C#O *,?[,?> E#G

PD N#1.  
6'78 *Qg2  6O :H *5H#n( #C 2 *B&'_1: P#O9 6O :H E:  *<> *70H P#O9 rC   .<C#O ).<&1:?-   H#Q-#<0

6O :H H#@ SC: 6`%Y: +.&F@ b&'o5 :H 6'78 L?-#1 H?d *> N#l1: */&nd P#O9 HL \#YD .&GL . :H v9:L%K SC:
*> 6C^l5 .F>#1.  

 q'78 #7; 6@ *Qg2 U#1> E:%OwL%>zK bY. x*> :H *> HL ).C?F;       2 a<0: b<(#Z b<Y 6<@ .<&O#C
b/Z )L%>zK .> :H PD H?uF> .&F@ 6C^l5 :H 6'78 6@ H#n[C  *<> 6<8?Q  .C?<; .     :H b<Y #7<; .<&F@ 3%<Z

*> *> ^&1 :H PL%>zK *F/> 2 .&0#F; .; .&G:?- 68?Q> :H 6'78 *F/> #7; SC:%O#FO ).&1:L.  
P#O9 6`%Y:  .1H:L EL#C9 I%Qi> c#&V?p- */&nd 2 *70H E#G)S@?5     2 \?<o1 )H#Q-#<0 )#<G

#F/>(c2#m5 #>: ) a0: #=1D P#&> EH#&BO E#G:  
=(e:0: P#O9 d E#G6O NL%> 6@ a0: *5#>#=O: 9: %K */&n 61#i1 q'&02      c#<(Jd: #<C *>?<=m> E#<G

*> \L#mQ0: 2 IHL :H #=1D %_CL .FF@ .P#O9 \.; *":%d SC: E:%O *70H E#G   %<G 2 .F;#n1 ?'=K2L 6@ .1:
{%V cH#n(  9: %u1=@eQ& .F;#O *F/> rC E:H:L s#+&gL.  

 -/# $N0)'(AU0 :(P#O9 HL n8 a=8 */&nd E#G    *>?=m>#<1 "G#<@ 2 N#<=O: PL%<@ P:%   9: )#<G
*> \L#mQ0: cJ78 HL *_12^Z: P#O9 3?( HL +L?; .1H:LH?-%O E%Qi&O 9#lC: 9: *70H E#G.  

zQE :P#O9 6C#F@ 2 6JkV: 9: %K */&nd E#G .1: . X&C?_O %Y:w L%<>zK bY x     6<1 #<> H?<uF> .C#<;
wbY x 61 2 .;#OwPL%>zKx .P#O9 HL c:H#n( #>: 70H E#G  *<> :H *<F/> P#7G s#+&gL *     6<QmY 6<@ .<FGL

*> .1?;.  
H&(#!::       *<> 2 a<0: !<&gL 2 N#<=O: P2.<O E%5?&A>#<@ q>#1%O rC *F/>   6<O .<1:?5    2 b<>#@ H?<d

a0L 61#i1 b&'o5 2 6C%l5  0?5 \LH?T1 L?; IHL H#Q-#0 2 #G.  
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6>#1%O P.1:?- E:%O L#=Fi&K .F` 6O #lFC: HL  #G)P#O9 %_CL 2 *70H E#G (8?5.&F@ 6 . 6[FC: U2:
6O P#O9 6@ .&;#O 6Q;:L %d#- X@:%Q> *'&- *70H E#G \L%iZ 2 %5 P#O9 9: %5     :f<, 2 .FQ<BG *</&nd E#G

*> ag2 %Qi&O P.1:?- E:%O .1%O .cH#n( H#Q-#0 S&F)7G    6<O t#<O P.1:?- SC:%O#FO )a0: X=> *'&- #G
aB&1 *O?- y.C: #=1D a0:H 6O ;` #C S&C#K .O L#C 3?( HL  ).<&F@ 6C^l5 P#QFG* HL :H 6>#1%O 6@ .C%&_

61#i1 .&C#71 %&Bm5 :H H#Q-#0 2 .&GL 9&Ti5 :H #G.  
61#i1 2 *um, c#G#nQ;: .F1#> *[`?@ E#G^&` S&F)7G     *<> #7<; 6<@  <'} EH:fY   HL .<&1:?5

P#O9 P#O9 HL a0: S[7> ).C%&_O \.CL#1 :H #=1D */&nd E#G .1?; ]?Bo> *YH^O E#G#k- *70H E#G.  

1-5-  7,6#8 R&')F  

6O 6>#1%O S&,2: U?7/> H?d  *<> 6Q;?1 .C.8 P#O9 rC HL 6@ E:  )L?<; "Hello,aWorld!" 
*> N#l1: 6@ EH#@ N#75 :%C9 )LH:L N#1  c#7'@ "C#71 .GLHello, World!  a<0: .   S<C: P?QC#<K HL

6O 6>#1%O a0: %C9 cH?V:  
print "Hello, World!" 

  

 E:%O *,#1> SC: K(L 3@)51: *<71 -#` f}#@ E2H %O :H E^&` a+&+" HL 6@ a0    6<['O .<F@
*> P#i1 %C?p5 qomV E2H %O :H EH:.+> #=F5 .GL .a0: %C9 c#7'@ -#` 6l&Q1 U#1> SC: HL:  

  
Hello, World! 

  

*> 9Ti> :H H:.+> P#C#K 2 %2%; 6>#1%O HL Si&5?@ a>J( ql&Q1 HL 2 .F@   6>#1%O) *<82%- (
*71 %G#< .1?;.  

: *<<!/O   6<<>#1%O P#<<O9 r<<C a<<&m&@ LH?<<> HL NL%<<> 9    q<<>#1%O *YL#<<0 e#<<0: %<<O *<<BC?1
"Hello,aWorld!" *> c2#!g .FF@ .a0: *O?- P#O9 P?QC#K )LH:.1#Q0: SC: #O.  

1-6- STF)  7,6  

problem solving )HV{g& Xc(  
U?>%Z .FC:%Z \:H q&:H: 2 SQZ#C )6':B> rC E.FO PD b".  
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high-level language )5 ?(:[u(: vt(  
6>#1%O P#O9 rC  P#<B1: *Q":H E:%O 6@ P?QC#K .F1#> *BC?1     6<>#1%O SQ<;?1 2 P.<1:?- HL #<G   #<G

a0: \.; *":%d.  

low-level language )ZD8(, vt5 ?(:[(  
6>#1%O P#O9 rC  S&F)7G 2 a0: \.; *":%d %5?&A>#@ E:%O :%8: *YL#0 a=8 6@ *BC?1A P#O9

S&;#> B #CA*'n70: B \.&>#1 XG*> L?;.  

portable )XIc X:(x(  
6>#1%O a&V#- *> 6@ E: L?; :%8: S&;#> %?1 rC 9: "&O E2H .1:?5.  

interpret )!DgQG(  
6O t#O 2k0 P#O9 rC HL 6>#1%O PL%@ :%8: PD  - 6O  - q78%5 q'&02.  

compile )HIJ!G <X8(_&(%(  
6>#1%O yH#n[C q78%5 E:   6Q;?1 #O9 6O t#O 2k0 P#O9 HL \.;  \L#<>D a<=8 )S&C#K 2k0 P   E9#<0

E./O E#G:%8: E:%O.  

source code )y7j& 7%(  
P.; bC#A>#@ 9: bng t#O 2k0 P#O9 6O \.; 6Q;?1 q>#1%O rC.  

object code )7W`& 7%(  
6>#1%O q78%5 9: ./O %'C#A>#@ rC *82%-.  

executable )0!J0 X:(x(  
a0: :%8: yL#>D 6@ E.p+> .@ E:%O E%_CL N#1.  

script )M_8!m50(  
q>#1%O  \%&-*  bC#Z rC HL \.;)6>#1%O st?7/> *> 6@ E: L?; %&Bm5 .G:?-.(  

program )H&(#!:(  
*> 6%; :H *5#n0#o> 6@ c:H?Q0L 9: E%0 rC .FGL.  
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algorithm )l)83@/E0(  
6Q0L PL%@ b" E:%O *'@ .FC:%Z rC b&#B> 9: E:.  

bug )4(m;0(  
6>#1%O HL *C#k-.  

debugging )04(m; -801[(  
6>#1%O E#G#k- %?1 60 %G PL%@ {%d%O 2 SQZ#C .FC:%Z *BC?1.  

syntax )f3(/# 6@P#(  
6>#1%O rC EH?Q0L H#Q-#0.  

syntax error )2@P# 2(t>(  
 6C^l5 E:%O :H PD 6@ 6>#1%O HL *C#k-)%&Bm5 E:%O SC:%O#FO 2 (*> S[7>%&} L9#0.  

runtime error )0!J0 ?(&[ 2(t>(  
 6@ *C#k-*71 |#m5: L?i1 :%8: 6O %2%; 6>#1%O *Qg2 #5     E%&Y?<'8 PD E:%<8: q<>:L: 9: #>: ).QZ:

*> .F@.  

exception )n0!)B0(  
:%8: P#>9 E#G#k- E:%O %_CL *>#1.  

semantic error )-8(Aa& 2(t>(  
*> =(#O 6@ *C#k- 6>#1%O qQ0:?- {J-%O *'7( )6>#1%O L?; .GL N#l1: RC?1.  

semantics )=@eQ&(  
6>#1%O rC {.G 2 L?p+>.  

natural language )-aDjU ?(:[(  
P#O9 9: rC%G *> anoV PD #O NL%> 6@ *C#G \L%@ :.&K ?71 */&nd H?d 6O 2 .FF@ .1:.  
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formal language )-I53 ?(:[(  
P#O9 9: rC%G \L%@ *":%d *V#- {:.G: E:%O NL%> 6@ *C#G   EH?<:5 "C#<71 b&ng 9: ).1:   E#<G

%O #C 2 *$#CH6>#1 E%5?&A>#@ E#G .P#O9 q7G 6>#1%O E#G .FQBG *70H P#O9 *BC?1.  

token )1(I# <H#("# <Z%@G(  
*/&nd P#O9 HL 67'@ .F1#> )6>#1%O rC E?o1 H#Q-#0 *C:.QO: %V#F( 9: *[C.  

parse )H8$\G(  
PD E?o1 H#Q-#0 b&'o5 2 6>#1%O rC *0H%O.  

print statement )K(L 3@)51(  
 =(#O 6@ EH?Q0L*> .GL P#i1 "C#71 qomV E2H %O :H EH:.+> P?QC#K %Bm> L?;. 



?;,0@!A + ?;,'3B C'D"EF@&  

   

 

 

= 1 XWN  

?;,0@!A + ?;,'3B C'D"EF@&
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6C#K %V#F( *0H%O #O bpZ SC: HL 6p&p- #O *C#F;D 2 P#O9 E:      2 c:H#<n( )#<G%&0Q> P?<` *C#<G
6>#1%O )c:H?Q0L *> 9#}D :H *BC?1 X&F@.  

\L:L %:?1: P#O9 %G HL 6@ LH:L *pTi> E: 6>#1%O cH.g "C:^Z:  .<1%7�> H#&BO P#O9 PD #O *BC?1 .
\%=O H?uF> 6O %:?1: SC: #O *C#F;D *C#1:?5 9: ]?'k> E%&Y a0: EH2%$ E%>: P#O9 PD E#G . bpZ SC: HL

 \L:L %:?<1: E2H %O U#7(: )#G%_'7( HL aC?,2: S&1:?g 6%; 6O H?@f> LH:?> *Z%/> 9: RK   *_1?<_` 2 E:
Q0L j&@%5 HL c:H?*> P?QC#K P#O9 XC9:L%K.  

2-1- SGFG UF;6F ) #=G,+7 ,J  

 rC307`&aCL?8?> 9: *[C )     PD #<O 6>#1%O 6@ a0: < L.( rC #C {%" rC .F1#> < EL#&FO E#G
*> H#@ .F@ .     XC.<CL #<lFC: #<5 6<@ E%CL#+>2 )    '<78 q<l&Q1 *<F/C1+1 ( 2"Hello,aWorld!" 
.FQBG.  

    2L 6<<O 5?<<O%> %CL#<<+> S<<C:|@ww# :L 3<<'QT>\L  .FQ<<BG #<<G .2              2 2&o<<V L.<<( r<<C
"Hello,aworld!"  rCH);3 a0: . XG %0 aiK 6@ a0: {2%" 9: EL:./5 6Q;H 9: H?uF>)  6<O

%&l19 rC cH?V (6QZ%Y H:%g .1: . #7;)%Bm> S&F)7G 2 (*> 6Q;H .&1:?5  .&GL 9&Ti5 *Q":H 6O :H #G
 Si&5?@ am8 a>J( 2L S&O HL #=1D :%C9)" ( #C 2 Si&5?@)' (*> H:%g .1%&Y.  

*> H#@ ^&1 2&oV L:.(: E2H %O -#` H?Q0L .F@:  
 

>>> print 4 
4 

  

\L:L %?1 6` 6@ .&QB&1 S:7k> #7; %Y: *> %Bm> ).CH:L E: .C?_O :H \L:L %?1 #7; 6O .1:?5: 
 

>>> type("Hello, World!")  
<type 'string'>  
>>> type(17)  
<type 'int'> 

  

6Q;H  6O #G  %?1str   %?1 6O 2&oV L:.(: 2int .1H:L !'/5 . ^&7> rC #O EL:.(:) P#O9 HL 6@
*> \L:L P#i1 L:.(: P#&> 6k+1 rC #O *B&'_1: .1?; ( P:?F( ao5 *(?1 6Ofloat  SC: 6@ ).1H:L !'/5

 "C#71 E:%O *n,#g L:.(:23("B0 107B0 .FQBG.  
  

>>> type(3.2)  
<type 'float'>  
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6&n; E%CL#+>  6O"17"  2"3.2" \L:L %?1 N:.@ 9:  %Y: #>: .FQBG L:.(: 6&n; #=1D /.FQBG E:
6Q;H .F1#> .&F@ agL 6QZ%Y H:%g Si&5?@ am8 P#&> #G .1:.  

  
>>> type("17")  
<type 'str'>  
>>> type("3.2")  
<type 'str'>  
 

.FQBG 6Q;H #=1D :f,.  
*> ;C#5 :H hH^O 2&oV L.( rC #7; 6@ *Qg2 &F@    r<C 9: X<gH 6<0 %G E:9: 6O a0: S[7> .

 a>J(',' )#>#@ (P#0D P.1:?- E:%O #5 .&F@ \L#mQ0:  .F1#> .1?; %51,000,000 .  S<C: P?QC#K E:%O
a0: %nQ/> *5H#n( )*'@ a,#" HL #>: aB&1 *1?1#g L.( rC P:?F( 6O:  

  
>>> print 1,000,000  
1 0 0  

  

]?-  > 6@ aB&1 *T0#K 682 (&G 6O SC: )X&Q;:L H#uQ1: # . P?QC#K %Bm>1,000,000   6<O :H
*> -#` ?!( 60 b>#; *QB&, P:?F( .F@ .    L:.<(: 6<1?Y S<C: S&O HL 6@ .&;#O 6Q;:L %d#- 6O SC:%O#FO

.&F@ \L#mQ0: #>#@ 9: .C#n1.  

2-2- ,J#&V<7  

6>#1%O P#O9 rC c#&V?p- SC%5.F71:?5 9: *[C  #O H#@ *C#1:?5 *BC?1(.!Dh)& a0: .&0Q> *>#1 %
*> \H#;: H:.+> rC 6O 6@ a0: .F@ .  

Mjg# 3@)51 -.1 *> .C.8 %&0Q> rC *> anB1 PD 6O :H EH:.+> 2 L9#0 .GL:  
  

>>> message = "What's up, Doc?"  
>>> n = 17  
>>> pi = 3.14159  

  
*> ]#BQ1: LH?> 60 6O %lF> U#1> SC: L?; .  qQ<;H U2: LH?>"What'saupaDoc?"   6<O :H

Q> rC N#1 6O .C.8 %&0message *> anB1 .GL . 2&oV L.( cH#n( S&>2L17   6<O :Hn  *<>   2 .<GL
 EH#i(: L.( N?0 LH?>3.14159  6O :Hpi *> .GL.  
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      P#<[&K r<C X<0H 2 #<=1D N#<1 SQ;?1 )f}#@ E2H %O #G%&0Q> PL:L P#i1 E:%O U?7/> v2H rC
*> \H#;: \.; \L:L W#pQ-: H:.+> 6O 6@ a0: .F@ .1?Y SC: :H #GH:L?71 6MDad  301@I# *>  :%C9 .F>#1

*> P#i1 LH:L *Q&/$2 6` %&0Q> %G 6@ .GL . H:L?712-1 anB1 H?Q0L ql&Q1 *> P#i1 :H *GL .GL.  

  
*> H#@ ^&1 #G%&0Q> E:%O -#` H?Q0L .F@.  

  
>>> print message  
What's up, Doc?  
>>> print n  
17  
>>> print pi  
3.14159  
 

?> %G HLa0: %&0Q> H:.+> 6l&Q1 )LH . *<> XG 9#O #> 2 .1H:L *(:?1: ^&1 #G%&0Q>    %<Bm> 9: X&1:?<5
aB&` %&0Q> %?1 6@ X&0%AO.  

 
>>> type(message)  
<type 'str'>  
>>> type(n)  
<type 'int'>  
>>> type(pi)  
<type 'float'>  
 

 
*> \H#;: PD 6O %&0Q> 6@ a0: EH:.+> %?1 )%&0Q> rC %?1 F@..  

2-3- ,J#&V<7 *7,0F ) H.&4W X,!4W  

6>#1%O *F/> *>#0: st?7/> P#BC?1 *> ]#TQ1: #G%&0Q> E:%O EH:L .FF@ .      P#<i1 H#<@ S<C: #<O #<=1D
*> Q> 6@ .FGLa0: \.; \L#mQ0: H?uF> 6` 6O %&0.  

 message          "What's up, Doc?" 

n            17 

pi            3.14159 

 
 b[;2 -1 
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*> #G%&0Q> *>#0: .F;#O *1t?d \9:.1: %G #5 .F1:?5 .*> #=1D      {2%<" X<G 2 L:.<(: b>#<; .<F1:?5 
.1?; %2%; {%" rC #O .C#O #>: .F;#O .        6<O #<FO #<>: a<0: *1?1#<g X<G hH^<O {2%" 9: \L#mQ0: 6` %Y:

*71 EH#@ S&F` #> L:LH:%g X&F@ .6Q;:L %d#- 6O s#+&gL .CL:L N#l1: *'7( S&F` #7; %Y:     9: 6<@ .&<;#O
 *Z2%" %?1 6`)hH^O #C r`?@ (\L%@ \L#mQ0: .C: .Bruce  2bruce  > %&0Q> 2L.F52#mQ .  

 - %Q@:H#@  %C9 )_  (*> ^&1 L?; \L#mQ0: #G%&0Q> N#1 HL .1:?5 .X0: HL %Q@:H#@ SC:    9: 6<@ *C#<G
\.; b&[i5 67'@ .F` *> H#@ 6O .1:  b&ng 9: L2Hmy_name  #Cprice_of_tea_in_china .  

L%@ .&G:?- aZ#CHL E?o1  E#k- rC .&G.O 9#l>%&} *>#1 E%&0Q> 6O #7; %Y::  
 
>>> 76trombones = "big parade"  
SyntaxError: invalid syntax  
>>> more$ = 1000000  
SyntaxError: invalid syntax  
>>> class = "Computer Science 101"  
SyntaxError: invalid syntax  

  

76trombones   a<0: \.<i1 %2%; {%" rC #O :%C9 a0: 9#l>%&} *>#1 .more$   9#<l>%&}
 :%C9 a0: *1?1#g%&} %Q@:H#@ rC b>#;)$ (a0: . :%` #>:class  /a0:  '}  

*> P#i1 #k- SC:  6@ .GLclass  9: *[C   27wDV% i(wIV%  a<0: P?QC#<K .   E.<&'@ c#<7'@
*> 3C%/5 :H P#O9 S&1:?g 2 H#Q-#0 *71 2 .FF@ .1?; \L#mQ0: #G%&0Q> *>#0: P:?F( 6O .F1:?5.  

  
P?QC#K 28 LH:L E.&'@ q7'@:  

  
and 
assert 
break 
class 

continue 
def 
del 
elif 

else 
except 
exec 
finally 

for 
from 
global 
if 

import 
in 
is 
lambda 

not 
or 
pass 
print 

raise 
return 
try 
while 

  
.CH:L 6_1 e%Q0L HL :H aB&, SC: .&G:?TO a0: S[7> . #G%&0Q> 9: *[C N#1 LH?> HL %Bm> %Y:

 :H PD a'( #7; 2 aZ%Y L:%C:*71        S<C: HL %<u1 LH?<> N#<1 .<&F&nO #<5 .&F@ \#_1 aB&, SC: 6O ).&QB1:L
%&- #C LH:L L?82 aB&,.  

2-4- XFO;<0G  

.F@ :%8: :H PD a0: HL#g P?QC#K %Bm> 6@ a0: *5H#n( H?Q0L rC .      9: %?<1 2L #<> U#<" 6<O #<5
\.CL :H c:H?Q0L XC: :anB1 2 -#` *GL.  
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*> ;C#5 P#>%Z  - HL :H EH?Q0L *Qg2 *> :%8: :H PD P?QC#K ).&F@ 6l&Q1 %Y: 2 .F@   L?<82 E:
*> "C#71 :H PD .;#O 6Q;:L .GL .anB1 c:H?Q0L #>: a0: H:.+> rC -#` H?Q0L ql&Q1 6l&Q1 *GL  E:

*71 .&,?5 .FF@.  
6,#n1L b>#; st?7/> aAC%[0: rC a0: c:H?Q0L 9: E: .     6Q<;:L L?<82 H?Q<0L r<C 9: "&O %Y:

 9: RK 6l&Q1 ).;#O*> \L:L "C#71 \H#n[C c:H?Q0L q7G P.; :%8: L?;.  
./O qomV aAC%[0: U#1> E:%O:  

print 1  
x = 2  
print x  

  

*> .&,?5 :H %C9 *82%- .F@:  
1  
2  

  
*> anB1 H?Q0L 6@ X&F&O *71 .&,?5 *82%- (&G *GL .F@.  

2-5 - XFO,P5 *8,=:OF  

 rCi3(jB a0: #G%_'7( 2 #G%&0Q> )%CL#+> 9: *n&@%5.  ;C#5 P#>%Z  - HL :H *5H#n( #7; %Y:
 :H PD %Bm> ).&F@-:(8[30 *> *> "C#71 :H 6l&Q1 2 .F@ .GL.  

 
>>> 1 + 1  
2  

 
*> ]?Bo> cH#n( rC *C#=F5 6O L?- H:.+> rC a0: S&F` ^&1 %&0Q> rC E:%O 2 L?;.  

 
>>> 17  
17  
>>> x  
2  

6O cH#n( rC *O#C9H:  H:.+> rC -#` 6O 6&n; b>#@H?daB&1.  
 

>>> message = "What's up, Doc?"  
>>> message  
"What's up, Doc?"  
 
>>> print message  
What's up, Doc?  
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*> "C#71 :H cH#n( rC H:.+> P?QC#K *Qg2     H#<@ 6<O *GLH:.<+> E:%O 6)1D 6O#i> *n,#g 9: .GL
\L%O *> \L#mQ0: ).C: .F@ .6Q;H E:%O sJ1> #C Si&5?@ a>J( 9: #G am8    *<> \L#mQ<0: S<i&5?@    #<>: L?<;

 H?Q0Lprint *> -#` :H cH#n( H:.+> a0: 6Q;H E:?Qo> b>#; U#1> SC: HL 6@ .F@.  
)aAC%[0: rC HL            N#<l1: EH#<@ (&<G #<>: )a<0: 9#<l> EH?Q<0L *C#<=F5 6<O L?- cH#n( rC

*71 .GL .  
%C9 aAC%[0:  sJ1>:  

17  
3.2  
"Hello, World!"  
1 + 1  

  
 682 (&G 6O*71 .&,?5 *82%- .F@ .*> 61?_`   %CL#<+> 6@.&GL %&&05 EH?d :H aAC%[0: .&1:?5

/.GL "C#71 :H cH#n( H#=` SC:  

2-6- ,J.6;4!5 ) ,J#Y4!5  

(.!/VIB \zC2 E#GL#71    *<> "C#<71 :H ]%<$ 2 '78 P?)7G *5#n0#o> 6@ .FQBG E:  .<FGL .
*> \L#mQ0: #G%_'7( 6@ E%CL#+>  .FF@ 7#@VIB*> \.&>#1 ?;.1.  

.19#l> P?QC#K HL *_7G )a0: 2$:2 #=1D *F/> "&O#7@ 6@ %C9 c:H#n(:  
 

20+32  hour-1  hour*60+minute   minute/60  5**2  (5+9)*(15-7) 
  

 E#GL#71+  )-  2/ 6Q0L E:%O #G^Q1:%K yL#mQ0: y?o1 2   *<> :H *<F/> P#7G )E.FO    HL 6<@ .<FGL
*> \L#mQ0: #=1D 9: c#&$#CH L?; . \H#Q0)* (    yH#Q<0 2L 2 PL%<@ ]%<$ E:%<O a0: EL#71    *K#<&K)**( 

P:?5 E:%O a0: EL#71 *1#0H.  
6O %&0Q> rC N#1 6@ *Qg2 *> %G#< .1?'7( rC E#8  N#1 SC: )L?; :%8: %_'7( 6[FC: 9: bng L?;

*> SC^_C#8 %&0Q> H:.+> #O L?;.  
P:?5 2 ]%$ )!C%m5 )'78 H:L H#uQ1: #7; 6)1D cH?V 6O *_7G *1#0H  *<> N#<l1: .C    #<>: )L?<;

.C?; jl/Q> X&B+5 b7( y?o1 9: a0: S[7> .LH:L \%uQF>%&} ql&Q1 rC %_'7( SC::  
  

>>> minute = 59  
>>> minute/60  
0  
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 H:.+>minute  L.(59 a0: . X&B+5 ql&Q159  %O60   #<O %O:%O0.98333     L.<( 6<1 2 a<0:
%mV . P?QC#K 6@ a0: SC: {JQ-: b&,LvDPR lDg`G :H *> N#l1: .GL.  

 X&B+5 L:LH:%g 6O #FO 2 .;#O 2&oV L.( rC .C#O XG 6l&Q1 ).FQBG 2&oV .1?'7( 2L %G *Qg2
*> L%Y S&C#K a70 6O 6i&7G 2&oV U#1> HL *Q" )L?;     L.<( 6<O @<0#K 6@ %&-: U#1> 6O 6&n; *C#G

 E./O 2&oV) L.( U#1> SC: HL1 (a0: rCL^1 H#&BO.  
 'ZH E:%O S[7> b" \:H rCa0: %B@ 9: E.VHL qn0#o> )b[i> SC::  

  
>>> minute*100/60  
98  

 
a0: a0HL s#nC%+5 ]:?8 bg:." H#O SC: #>: )a0: \.; L%Y S&C#K a70 6O XG 9#O 6l&Q1 .  yH#<`

*> L#C N?0 bpZ HL :H PD #> 6@ a0: EH#i(: X&B+5 9: \L#mQ0: %_CL XC%&Y.  

2-7- ,J#Y4!5 Z&$#$  

7( rC 9: %Qi&O 6@ *Qg2 6O #=1D *O#C9H: j&5%5 )L?; \L#mQ0: *5H#n( HL %_'   Mw8@E 0 ZD#0@wx
LH:L *_QBO .    *<> \L#mQ<0: c#&<$#CH HL 6<@ *C#G%_'7( 6O#i> *QC?,2: S&1:?g 9: P?QC#K    E2%<&K ).1?<;

*> .F@.  
*> #G%_'7( "C:HD y?o1 Cm" E:%O  q7'@ .&1:?5PEMDAS   .CH#A<BO %d#<- 6O :H .   9: 6<7'@ S<C:

@ "; U2: {2%"*> P#i1 :H #G%_'7( aC?,2: j&5%5 2 a0: \.; 6Q-#0 %C9 *B&'_1: q7' .GL:  
  

Subtraction  Addition  Division  Multiplication  Exponentiation Parentheses 
b8!QG  kIJ  lDg`G '!d ?0@G -#(53 (.$)#0!,  

  
•  #G^Q1:%KSC%5t#O *> 2 .1H:L :H aC?,2:  6O cH#n( rC 6@ .1?; =(#O .F1:?5    #<> 6<@ *<+C%d

*> L?; *O#C9H: X&G:?- . *<> *0H%O ^Q1:%K b-:L c:H#n( aBT1 6@ *C#l1D 9:   ).1?<;2*(3-

1)   #O %O:%O4  2(1+1)**(5-2)  #O %O:%O8 a0: .*> #7;      %5#<1:?- E:%<O #<G^Q1:%K 9: .<&1:?5
.&F@ \L#mQ0: XG c:H#n( PL%@ . HL 6@ H?k1#7G(minute*100)/60   L?<82 N.( #C L?82

:%KLH:.1 E%&745 cH#n( ql&Q1 HL #G^Q1.  
• P:?5 )#G^Q1:%K 9: ./O  ql&Q1 SC:%O#FO )a0:H:L :H aC?,2: SC%5t#O *1#0H2**1+1   #O %O:%O3 

*>  61 .;#O4  S&F)7G3*1**3  #O %O:%O3 *>  61 2 .;#O27 .  



XWN = 1  :  i03@)51   i03(jB <(.!Dh)&        21 

 

 

• .1H:L %O:%O *QC?,2: X&B+5 2 ]%$ .     a<C?,2: 6<Qn,: 6<@ !<C%m5 2 '<78 E:%O a0: S&F)7G 
SC:%O#FO )a0: %Qi&O !C%m5 2 '78 9: X&B+5 2 ]%$ 2*3-1  L.(5 *> 6l&Q1 :H  61 ).GL4  2

2/3-1  #O %O:%O 1  61 )a0:1 )6O   )2&oV X&B+5 HL 6@ .&;#O 6Q;:L %d#-2/3=0. (  
• *> *O#C9H: a0:H 6O ;` 9: .1H:L 6O#i> aC?,2: 6@ *C#G%_'7(     cH#<n( HL SC:%O#<FO ).1?<;

minute*100/60 *> N#l1: ]%$ b7( :.QO:  2 L?;5900/60 *> 6l&Q1 :H   RA<0 2 .GL
*> N#l1: X&B+5  2 L%&Y98 *> bV#" L?; .  *<> *O#<C9H: ;` 6O a0:H 9: #G%_'7( %Y:   ).1.<;

 6l&Q159*1 *>  #O L?O %O:%O 6@ .;59 a0: \#nQ;: SC: 2.  

2-8-  <EO H)O #8 X,&4!5 ,J  

*71 #7; *'@ H?d 6O CH c#&'7( .&1:?56Q;H E2H %O :H *$#     6<O 6&n<; %<Y: *Q" ).&GL N#l1: #G
.F;#O L:.(: . .19#l>%&} %C9 c:H#n() %&0Q> .&F@ 3%Zmessage a0: 6Q;H %?1 9::(  

  
message-1        "Hello"/123       message*"Hello"       "15"+2 

  

 %_'7( #>: ).;#O #7; H#uQ1: {J- %O a0: S[7> 6`%Y: + n,#8 H?d 6O6Q;H E2H %O *    H#<@ #<G
*> .F@ . %_'7(+  =(#O}(PE0 6Q;H *> #G L?; .    P.1#n<B` q'&<0?O .<1?'7( 2L SQ0?&K *F/> 6O |#o,:

a0: %_C.[C 6O #=1D .61?71 E:%O:  
  

fruit = "banana"  
bakedGood = " nut bread"  
print fruit + bakedGood  

  

6>#1%O SC: *82%- banana nut bread  a0: .V#Z q7'@ 9: bng q'nut  6Q;H 9: *Q7Bg
*> a0: N9t *g#o,: qQ;H 2L P#&> q'V#Z .&,?5 E:%O 2 .;#O.  

 %_'7(* 6Q;H E2H %O ^&1 *> H#@ #G *> N#l1: :H H:%[5 b7( 2 .F@ .GL .  U#<1> E:%<O3*'Fun' 
 #O %O:%O'FunFunFun' a0: .   ?<1 9: .<C#O s#<7Q" E%_CL 2 6Q;H %?1 9: .C#O #G%_'7( 9: *[C  2&o<V %
.;#O.  

 %&Bm5 ){%d rC 9:+ 2* *> #F/> )]%$ 2 '78 b7( #O e#&g q'&0?O .O#C . P#<7G a0HL   H?<d
 6@3*4   #O %O:%O4+4+4  XCH:L H#uQ1: )a0:3*'Fun'   X<G'Fun'+'Fun'+'Fun'    6<@ ).<;#O

a0: XG 61?_FC: .6Q;H H:%[5 2 |#o,: PD HL 6@ L?82 *=8?5 bO#g \:H %_CL {%d 9: 78 9: #G  ]%<$ 2 '
.1^C#7Q> 2&oV L:.(: .*> #CD     #<>: .<1H:L 2&o<V L:.(: ]%$ 2 '78 6@ .&F@ %[Z *Q&V?p- 6O .&1:?5
6Q;H H:%[5 2 |#o,: /.1H:.1 #G  
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2-9- Z&W#$  

6QBC%_1 61#Y:.8 H?d 6O 6>#1%O rC %V#F( 6O #> U#" 6O #5  XC:   c:H?Q<0L 2 c:H#n( )#G%&0Q>  
5 XG #O 61?_` 6[FC: yH#OHL *,2*> j&@% \L%[1 *QnoV .1?; XC:.  

P#O9 c#&V?p- SC%5.&m> 9: *[C 6>#1%O E#G  6>#1%O r`?@ E:^8: SQZ%Y HL #=1D *C#1:?5 *BC?1
 2~D%!G a0: #=1D .*> :H L:.(: PL%@ '78 #> )61?71 E:%O 6Q-?>D ^&1 2 X&1:L    :H E^<&` 6<1?_` 6@ XC:

*> #> RK )X&F@ -#`  rC HL :H b7( 2L SC: X&1:?5X&GL N#l1: P#>9:  
>>> print 17 + 3  
20  

  

    P#<>9 r<C HL '<g:2 HL c#&'7( :f, )L%&Y cH?V -#` b7( 9: bng .C#O PL%@ '78 a+&+" HL
*71 N#l1: L?; .5H#n( %G 6@ a0: SC: 6Q[1 6Q;H )L:.(: b>#; 6@ * *> )a0: #G%&0Q> 2 #G   r<C HL .1:?5

L?; \L#mQ0: -#` H?Q0L .61?71 sJng #7;  E:\.CL :H LH?> SC: 9: .C: .  
  

print "Number of minutes since midnight: ", hour*60+minute  
  

*> #7; S&F)7G anB1 yH:^Y rC a0:H a70 HL :H \:?T,L cH#n( rC .&1:?5 .&GL H:%g *GL:  
  

percentage = (minute * 100) / 60  
  

#n1 j,#8 L#C9 #7; E:%O %$#" U#" HL .C#; *C#1:?5 SC:U#1> #7; #>: ).;   6<@ .CL .&G:?- *C#G
*> P#[>: #7; 6O j&@%5 #=1D HL .&GL 6&:H: 9+1 P2.O 2 %pQT> :H \.&)&K c#n0#o> 6@ .GL.  

  
,3:;" :aCL2.o> LH:L L?82 c:H#n( *-%O 9: \L#mQ0: y?o1 HL *C#G . rC ;` a70 61?71 E:%O

yH:^Y  anB1      cH#<n( r<C 6<1 2 .<;#O %<&0Q> N#1 rC .C#O *GL     a<0: 9#<l>%&} H?Q<0L S<C: SC:%O#<FO ): 
minute+1 = hour .  

2-10- X,I&3;$  

P#F)7G 6>#1%O 6@ *> E%Qi&O *Y.&)&K #G   b[<i> #<=1D P.1:?- ).FO#C   *<> %<5  L?<; . P#<O9   E#<G
6[5 6O PL%@ \#_1 2 .F7@:%Q> *70H *> N#l1: EH#@ 6` 6[FC: P.&7=Z 2 6>#1%O .@ 9: E:   6<` 6O 2 .FGL

b[i> j'}: )a'( a0: .a;:LL#C 6@ a0: j,#8 H#&BO b&,L S&7G 6O 6>#1%O 6O *C#G   2 .<&F@ 6Z#$: P#5
*> N#l1: EH#@ 6` 6>#1%O 6@ .&GL 2&$?5 */&nd P#O9 #O .GL .  a<;:LL#C S<C:   )#<G i(PDwd@G   \.<&>#1

*>   L#71 #O 2 .1?;# a>J( *> EH:fY .1?;:  
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# compute the percentage of the hour that has elapsed  
percentage = (minute * 100) / 60  
 

a0: \.; \L:L P#i1 *V#pQ-:  - rC HL 2&$?5 )LH?> SC: HL .*> #7;    :H c#o&<$?5 .<&1:?5
.CH:f_O 6>#1%O .@ 5?k- %-D HL:  

  
percentage = (minute * 100) / 60  # caution: integer 
division  
 

 a>J( 9: ./O 6@ ^&` %G# D #5 L%&Y H:%g*> 6QZ%Y \.CL#1  - %-    HL E%&74<5 (&<G *F/C )L?;
LH:.1 6>#1%O .12H .6>#1%O E:%O N#0&K SC: 6>#1%O #C RC?1    \L#mQ<0: .<@ SC: 9: a0: S[7> 6@ \.FCD P#BC?1

a0: \.; 6QZ%Y %u1 HL .FF@ .        \.<F1:?- 6<O :H 2&o<V X&<B+5 EL#<(%&} H#<QZH )2&<$?5 )U#1> SC: HL
*> EH2DL#C .F@ .  

2-11- F)ST  7,6  

value )307`& (  
 6Q;H #C L.( rC)*> N#1 \.FCD HL 6@ E%_CL E#G^&` #C XC%O (   \%<&-* %<&0Q> rC HL .1:?QO 6@

L?; 6n0#o> cH#n( rC HL #C.  

type )|@#(  
%CL#+> RF8 .*> S&/> H:.+> rC %?1 *> 61?_` 6@ .F@      L?<; \L#mQ<0: cH#<n( r<C HL .<1:?5 .

%:?1:   \L:L \.CL P?F@#5 6@ E:  2&oV L:.(: 9: .F5H#n( .C:)  %?<1int(   EH#<i(: L:.<(: ))  %?<1float ( 2
6Q;H  #G) %?1str.(  

floating-point )23("B0 107B0( 

.FQBG EH#i(: "TO E:H:L 6@ EL:.(: PL:L P#i1 E:%O *n,#g.  

variable )!Dh)&(  
*> \H#;: H:.+> rC 6O 6@ *>#1 .F@. 
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statement )]30$9 <3@)51( 

 .@ 9: *iTO*> P#i1 :H *'7( #C P#>%Z 6@ 6>#1%O .GL .  \.<CL P?F@#<5 6@ *5:H?Q0L    yH:^<Y .<C:
anB1 .FQBG -#` 2 *GL.  

assignment )Mjg# -.1( 

\H:^Y *> anB1 E%&0Q> 6O :H H:.+> rC 6@ E: .GL. 

state diagram )MDad  301@I#(  
*> \H#;: #=1D 6O 6@ E%CL#+> 2 #G%&0Q> q(?7l> *[&Z:%Y "C#71 FF@.. 

keyword )27DV% �IV%( 

6>#1%O P#O9  0?5 \.; 2H9H q7'@ rC       PD 9: 6<>#1%O q<C^l5 E:%<O %<Bm> #<C %'C#A>#@ 6@ *BC?1
*> \L#mQ0: *71 #7; +.F@ 67'@ .&1:?5  P?)7G E.&'@ E#Gif  <def  <while   . . .    N#<1 P:?<F( 6O :H

.&F@ \L#mQ0: %&0Q>.  

expression )i3(jB( 

( )#G%&0Q> j&@%5*> P#i1 :H .":2 ql&Q1 rC 6@ E%CL#+> 2 #G%_'7 .FGL. 

evaluate )-:(8[30( 

\L#0  6O cH#n( rC PL%@  q'&02  .":2 EH:.+> PLH2D a0.O H?uF> 6O *5#&'7( N#l1: . 

operator )!/VIB( 

\zC2 L#71 *> P#i1 :H 6Q;H |#o,: #C ]%$ )'78 .F1#> \L#0 qn0#o> rC 6@ E: .GL.  

operand )#@VIB7( 

*> b7( PD E2H %O %_'7( 6@ E%CL#+> 9: *[C .F@.  

integer division )vDPR lDg`G( 

*> X&B+5 E%_CL 2&oV L.( %O :H 2&oV L.( rC 6@ *5#&'7(    X<G :H 2&o<V L.( rC 2 .F@
*> 6l&Q1 .GL . N?<B+> 6O N?B+> 6@ *5#/ZL L:./5 #=F5 2&oV X&B+5    *<> "<TO 6<&'(    6<l&Q1 :H L?<;

*> &` %G 2 .GL*g#O 6@ E^   *> H2L :H .1#> L^CH.  
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rules of precedence )M8@E 0 ZD#0@x( 

6(?7l> *> S&/> 6@ X@#" .(:?g 9: E:    2 r&>:.<@ ).<1?'7( 2 %_'7( .F` #O cH#n( rC HL .F@
.1?; *O#C9H: *n&5%5 6` #O.  

concatenate )}(PE0( 

  XG %0 aiK .1?'7( 2L U#p5:.  

composition )~D%!G( 

 *C#1:?5          PL:L P#<i1 E:%<O j<@%> c:H?Q<0L 2 c:H#<n( HL \L#<0 c:H?Q<0L 2 c:H#<n( j<&@%5
%pQT> cH?V 6O \.&)&K c#n0#o>.  

comment )vDd@G( 

 6<>#1%O %_CL E:%O 6@ 6>#1%O HL *5#(Jd:   P#<BC?1)        :H 6<>#1%O ~:.<n> .<@ 6<@ *1#<B@ %<_CL #<C 2
*> .F1:?- (*> 6QZ%Y %u1 HL E:%8: .12H HL E%&745 (&G 2 L?; .1H:.1 6>#1%O.  





G);0H  

   

 

 

=@5 XWN  
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\L:L %:?1: 9: *-%O #O bng bpZ HL 6Q;H 6'78 9: P?QC#K E:      EH#<i(: L:.<(: 2 2&o<V L:.<(: )#G
6QiY #F;D aCL2.o> #O #=1D #O H#@ N#_FG HL st#7Q": 2 .C: \.; 68:?> *C#G .C:.  

v2H #O *C#F;D S7$ )bpZ SC: HL \L:L %:?1: bC.n5 E#G C 6O E:     #<O H#<@ 2 3<C%/5 y?<o1 )%_C.[
*> :%Z :H 'O:?5 .C%&Y .   P#<O9 *<0#0: X&G#<m> 9: *[C P:?F( 6O 'O:?5   6<>#1%O E#<G    E#<C:^> E:H:L )*<BC?1
.FQBG EH#&BO .6>#1%O )'O:?5 9: \L#mQ0: #O *> P#BC?1  *<> :%8: s:H%[> 6@ *5:H?Q0L 6(?7l> .F1:?5   .1?<;

6QBO :H P#[> HL 2 \L%@ E.FO 3'QT> E#G .FF@ \L#mQ0: .X&B+5 S&F)7G  6>#1%O      '<O:?5 6<O hH^<O E#<G
\#5?@ 6>#1%O )%5 *> HL#g :H P#BC?1 6>#1%O *":%d HL 6@ L9#0 .F;#O 6Q;:L EH#[7G #G.  

X=> 9: 'O:?5 E:%8: 2 *1:?-:%Z )*":%d *C#1:?5 6>#1%O b&#B> SC%5   b<pZ SC: HL 6@ a0: *BC?1
bpZ 2 *> #F;D #=1D #O \.FCD E#G ;.C?.  

3-1- [8,$ *6F;-F#\  

 rC 9: *,#1> sJng #7; k:(G -#0@>0!N\.CL .C::  
  

>>> type("32")  
<type 'str'>  

  

 'O#5 N#1 )U#1> SC: HLtype *> "C#71 :H %&0Q> #C H:.+> rC %?1 2 a0: .GL .     6<@ E%<&0Q> #<C H:.<+>
?(&@93S *> \.&>#1 'O#5 .;#O 6QZ%Y H:%g ^Q1:%K 2L S&O .C#O L?; .       'O#<5 L?<; 6<QmY 6<@ a<0: U?<7/>

 :H *1#>?YHDA*> L%&Y B6l&Q1 2  :H E:A*>%O .1:L%YB . 6l&Q1-)"9!: 307`& *> \.&>#1 L?; .  
*> X&GL anB1 %&0Q> rC 6O :H PD )*QiY%O H:.+> PL%@ -#` E#8 6O X&1:?5: 
 

>>> betty = type("32")  
>>> print betty  
<type 'str'>  

 
 U#1> rC P:?F( 6O 'O#5 )%_CLid *> :H E%&0Q> #C H:.+> *>%O :H *o&oV L.( 2 L%&Y .1:L%Y .  L.<( SC:

q0#F; P:?F( 6O 2&oV  *> b7( H:.+> L%mO %poF> .F@:  
  

>>> id(3)  
134882108  
>>> betty = 3  
>>> id(betty)  
134882108  
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 rC H:.+> %Gid LH:L . SC:id    <; \%<&-* b<o> 6O 6@ a0: EL%mO %poF> L.(  HL H:.<+> P.
quZ#"  LH:L *_QBO %5?&A>#@ .id   )%&0Q> rCid *> \H#;: PD 6O 6@ a0: EH:.+> .F@.  

3-2- SGFG U;6 ]=.P$  

  6(?7l> P?QC#K "&K 'O:?5 9: E: *> XG:%Z :H 6Q-#0 *> 6@ .F@   6<O %?1 rC 9: :H %CL#+> .F1:?5
.FF@ bC.n5 %_CL %?1 . 'O#5int *> :H EH:.+> %G  HL 2 L%&Y  bC.<n5 2&oV L.( rC 6O  P#[>: cH?V

*> *> "C#71 :H *C#k- N#0&K cH?V SC: %&} HL 2 .F@ .GL:  
  

>>> int("32")  
32  
>>> int("Hello")  
ValueError: invalid literal for int(): Hello  

 
 'O#5int *> S&F)7G .&;#O 6Q;:L %d#- 6O #>: ).F@ bC.n5 2&oV 6O :H EH#i(: %CL#+> .1:?5  'O#5 SC:

*> H2L :H EH#i(: a7Bg L^CH:  
  

>>> int(3.99999)  
3  
>>> int(-2.3)  
-2  

 

 'O#5float 6Q;H *> bC.n5 EH#i(: L:.(: 6O :H 2&oV L:.(: 2 #G .F@:  
  

>>> float(32)  
32.0  
>>> float("3.14159")  
3.14159  

  

   'O#5 6[FC: N#l1:%0str *> bC.n5 6Q;H %?1 6O :H %CL#+> F@.:  
  

>>> str(32)  
'32'  
>>> str(3.14149)  
'3.14149'  

  
  6O j&l( a0: S[7>    2&o<V H:.<+> P#&> P?QC#K 6@ .0%O %u11      EH#<i(:  H:.<+> 21.0 

L?; b&#g ^C#75 .    \L:L %:?<1: 6<O #<>: .<FGL "C#71 :H L.( rC 2L %G a0: S[7> #=1D    !<'/5 *52#<mQ> E:
.1H:L .HL L.( 2L SC: 6@ a0: SC: a'(*> \L:L P#i1 c2#mQ> b[; 2L 6O %5?&A>#@ P2 .1?;.  
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3-3-  U;6 @^;7 ]=.P$  

  *> #> 6@ P?F@: \L:L %:?1: X&1:?5        2&o<V X&<B+5 6<O %<_CL H#<O r<C )X&F@ bC.n5 XG 6O :H #G
*>9#O XCL%Y .*> 3%Z bng bpZ 9: *,#1> 6O %?8H #O *> 6@ X&F@  :H \.; E%A0 P#>9 9: E%B@ X&G:?-

X&F@ 6n0#o>.  cH#n(minute/60  *> N#l1: 2&oV X&B+5 rC     %m<V 6<i&7G 6<l&Q1 SC:%O#FO ).GL
 6@ *1#>9 *Q" +a0:59  .;#O 6Q;fY a(#0 9: 6+&gL!  

   %&0Q> 6@ a0: SC: b" \:H rCminute         X&<B+5 r<C 2 X&<F@ bC.<n5 EH#<i(: %?<1 6<O :H
X&GL N#l1: EH#i(::  

  
>>> minute = 59  
>>> float(minute) / 60.0  
0.983333333333  

 
  XC%nO L?0 \L:L %?1 H#@L?- bC.n5 .(:?g 9: 6@ a0: SC: %_CL b" \:H .   6<O PD 9: 6<@ E.(:?g

 P:?F( |@# Mx@& X87jG*> \L%O N#1 L?; .      EH#<i(: #G.<1?'7( 9: *<[C %<Y: )*O#<B" E#G%_'7( E:%O
6OL?- %_CL .1?'7( ).;#O *> bC.n5 EH#i(: %?1 6O L?- L?;:  

  
>>> minute = 59  
>>> minute / 60.0  
0.983333333333  

 
  *> H?nl> :H P?QC#K #> EH#i(: L.( rC P:?F( 6O  %T> PL:L H:%g #O      X&<B+5 r<C 6<@ X&<F@

.GL N#l1: EH#i(: .  

3-4- *3,=O [8F;$  

   P?)7G */O:?5 st#7Q": #7; c#&$#CH HLsin  2log  \.<CL :H      *5:H#<n( *O#<C9H: y?<o1 2 .<C:
 P?)7Gsin(pi/2)  2log(1/x) 6Q-?>D :H .C: .      ^<Q1:%K b<-:L cH#<n( :.<QO: #7<;) P#<>?YHD ( :H

*> *O#C9H: .&F@ . 61?71 E:%Opi/2  %O:%O s#nC%+51.571  21/x  6@ *5H?V HLx  :H10.0  )X&F@ 3%Z
 %O:%O0.1 a0: .  

 *<> *O#C9H: P?Y#1?Y c#n0#o> N#l1: #C 2 U2.8 rC HL ?lQB8 #O :H 'O#5 DL?- #7; \#_1D  .<&F@ .
 L.( e?F&01.571  #O %O:%O1  L.( XQCH#_, 2 a0:0.1 ) E#Fn> HL10 ( #O %O:%O 1 a0:.  
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*> .FC:%Z SC: \.&)&K c:H#n( *O#C9H: a=8 .1:?5  P?)7G %5log(1/sin(pi/2))   H?<d 6O
L?; N#l1: H%[> .*12HL P#>?YHD #7; :.QO: *> *O#C9H: :H 'O#5 SC%5 H%O LH?> :H 'O#5 RA0 ).&F@  H:%<g *0

*> j&5%5 S&7G 6O 2 .&GL.  
 N#1 6O *,2M#> P?QC#Kmath LH:L L?82 PD HL c#&$#CH FC:H 'O:?5 j'}: 6@ LH:L .  r<C 4  (w& 

6(?7l> 6@ a0: *'C#Z *> b>#; :H '7Ql> 2  n5%> 'O:?5 9: E: L?;.  
   mQ<0: #<O :H U2M#<> PD .C#O )X&F@ \L#mQ0: U2M#> rC 'O:?5 9: X&1:?QO 6[FC: 9: bng  H?Q<0L 9: \L#

import X&F@ EH#@ E#!Z LH:2:  
>>> import math  

  
  :H PD 2 \L%<@ 9Ti> :H %u1 LH?> 'O#5 N#1 2 U2M#> rC N#1 .C#O #> 'O#5 rC *1:?-:%Z H?uF> 6O

X&F@ :.8 6k+1 rC #O .j,#g %?1 SC:  :H E.FOHt`# 230!91(I#  20*> .F>#1 .  
  

>>> decibel = math.log10 (17.0)  
>>> angle = 1.5  
>>> height = math.sin(angle)  

  

 XQCH#_, U2: H?Q0L17  E#Fn> HL10  %&0Q> HL :Hdecibel *> H:%g .GL . S&F)7G P?QC#K HL
 N#1 #O */O#5log qC#K HL :H XQCH#_, 6@ a0: L?8?>  e )%A1 L.( (*> L%&Y .  

 %&0Q> H:.+> e?F&0 )H?Q0L S&>?0angle *> 6n0#o> :H .F@ .sin     *5#<1'1> '<O:?5 %<_CL 2
)tan )cot \%&} 2 (P#>?YHD *> aZ#CHL P#CL:H .":2 HL :H #G .FF@ . 68HL )P#CL:H 6O 68HL bC.n5 E:%O

 %O :H180  L.( HL 2 X&B+5pi  *> ]%$ X&F@ .  e?F&<0 PL%@ :.&K a=8 U#1> E:%O45    :.<QO: 6<8HL
?F&0 PD 9: RA0 2 \L%@ 6n0#o> P#CL:H .":2 HL :H 6C2:9*> e XC%&Y:  

  
>>> degrees = 45  
>>> angle = degrees * math.pi / 180  
>>> math.sin(angle)  

 
 aO#7pi  U2M#> 9: *Q7Bg XGmath *> .;#O .   ).&<;#O 6Q<;:L 60.FG yH#OHL *5#(Jd: #7; %Y:

*> 6O :H 6l&Q1 .&1:?5 q'&02   Hf8 #O 6BC#+>2  %O "TO2 .&lFBO:  
 

>>> math.sqrt(2) / 2.0  
0.707106781187  
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3-5- C)T,7 ,J  

P#7G 6(?7l> 6@ a0: *'C#Z U2M#> ).; 6QmY 6@ H?d      b>#<; :H '<7Ql> 2  n5%<> '<O:?5 9: E:
*> L?; .*> 'O:?5 P#&> D5#n5H:   6<>#1%O c:H?Q<0L !C%d 9: .1:?5      L%<&Y cH?<V P?QC#<K P#<O9 HL *<BC?1 .

*> P#&> SC: HL SC:%O#FO aO#7 2 #G%&0Q> X&1:?5 *C#G     X&C#<71 \L#mQ<0: #<=1D 9: 2 \L%<@ 3C%/5 XG .   #<O #<>
6k+1 EH:fYL#71 X&F@ :.&K *0%Q0L aO:?7 2 #G%&0Q> )'O:?5 SC: N#75 6O XCHL#g E:.  

6>#1%O 6@ XCL:L 2&$?5 U2: bpZ HL *> :H P?QC#K E#G   <- v2H *[C +a;?1 v2H 2L 6O P:?5  
&'@ PL%iZ 2 6>#1%O  - %G SQ;?1 #O PD HL 6@ P#>%Z .Enter  H?Q0L)c:H?Q0L #C ( *<> :%8:   2 L?<;
*> *'C#Z HL :H 6>#1%O b@ 6@ aAC%[0: v2H E%_CL *> :%8: :H PD 2 X&BC?1 X&F@ . 5?k- P?QC#K %Bm>

rC :H 6>#1%O 6O *> j&5%5 6O 2 rC *> :%8: 2 .1:?- .F@ .     L#<C aAC%[<0: P:?<F( 6<O PD 9: #> 6@ bC#Z SC:
0: U2M#> rC a+&+" HL )XCL%@a .6>#1%O #7; *Qg2  .1?BK #O *'C#Z HL :H E:.py    b<C#Z S<C: ).&BC?FO

*>    6Q<;?1 PD HL 6<@ *QO:?<7 2 #G%&0Q> )'O:?5 N#75 S&F)7G 2 L?; :%8: P?QC#K %Bm>  0?5 .1:?5   ).<C:
U2M#> %_CL  0?5 6>#1%O HL ^&1 2 #G L?; \L#mQ0: P#>%Z  - HL \.; 6Q;?1 E#G.  

@ LH:2 *_1?_` bng "TO HL      6<1?_` 6<@ .<&QZ%Y :%<Z S&<F)7G 2 .&Q-?>D :H U2M#> rC PL%
6O 6k+1 EH:fYL#71 q'&02 aO#7 9: E: .&F@ \L#mQ0: U2M#> rC 'O:?5 2 #G .  HL 6<@ LH:L L?82 E%_CL yH#`

6k+1 EH:fYL#71 9: aB&1 N9t %_CL PD X&F@ \L#mQ0: E:.  
 H?Q0Lfrom...import *>  ?7 2 #<G%&0Q> )'O:?5 *>#75 .1:?5      "<TO #<C 2 U2M#<> r<C a<O:

.F@ LH:2 :H #=1D 9: *G:?T,L .SC: 6O H?Q0L SC: 9: \L#mQ0: E?_,: a0: cH?V:  
  

from MODULE import NAME1, NAME2, NAME3,… 

 
 'O#5 %O9 H?Q0Lcos  2exp *> EH#@  &o> LH:2 :H .F@:  

  
from math import cos, exp 

 
*> S&F)7G #7; #75 6O *0%Q0L E:%O .&1:?5 U2M#> c#C?Qo> N)   a<O:?7 2 #<G%&0Q> )'<O:?5 (  6<O

r5 N#1 %@* E#8  a>J( 9: #=1D r5* .&F@ \L#mQ0::  
  

>>> from math import * 

 
aO#7 2 #G%&0Q> 2 'O:?5 q7G H?Q0L SC:  U2M#> HL \.; 3C%/5 E#Gmath  :H)6O  6@ 6Q0L PD ^8

  -%C9 a>J( #O)< (\.; %2%; .1:(*> EH#@  &o> LH:2 ) @.F.  
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3-6-  Z&W#$  

*> XG P?QC#K 'O:?5 )*$#CH 'O:?5 .F1#> a0HL    .1?<; j<&@%5 X<G #O .F1:?5 .    #7<; 6<[FC: *<F/C
*> .&F@ \L#mQ0: %_CL cH#n( rC 9: *Q7Bg P:?F( 6O *5H#n( 9: .&1:?5 .*> #7; 61?71 E:%O   %<G 9: .&1:?5

.&F@ \L#mQ0: 'O#5 P#>?YHD P:?F( 6O *5H#n(:  
>>> x = cos(angle + pi/2)  
 

 H:.+> H?Q0L SC: pi*> :H  %O :H PD 2 L%&Y2   H:.<+> #O :H 6l&Q1 2 \L%@ X&B+5angle   '<78
*>  'O#5 6O P#>?YHD rC P:?F( 6O :H %?7l> \#_1D 2 .F@cos *> .Q0%Z .  

*> S&F)7G #7;          %<_CL */O#<5 6<O P#<>?YHD r<C P:?<F( 6<O 2 6<QZ%Y :H 'O#5 rC ql&Q1 .&1:?5
.&Q0%mO:   
 

>>> x = exp(log(10.0))  
  

ql&Q1 H?Q0L SC:  XQCH#_,10  E#Fn> HLe  RA0 2 \L%@ 6n0#o> :He  *<> PD P:?5 6O :H  .1#<0H .
ql&Q1   %&0Q> 6O *1#C#Kx *> W#pQ-: .O#C.  

3-7- .=." [8F;$ 9G#W  \,3F  

\L%@ \L#mQ0: */O:?5 9: #=F5 #> P?F@#5 \L?O P?QC#K \:%7G 6@ XC:  P#[>: SC: #>: .1:  LH:L L?<82 XG
X&F@ 6Z#$: E.C.8 'O:?5 6@ .     c#<1#[>: SC%5.<&m> 9: *<[C W#<- b&#B> b" E:%O .C.8 'O:?5 SQ-#0

6>#1%O P#O9 rC a0: \H?uF>.F` *BC?1 .  
6>#1%O =on> HL   rC )*BC?1 k:(Gq,#n1L  N#1    N#<l1: :H *<V#- c#&'7( 6@ a0: c:H?Q0L 9: EH:L

*> .GL . a7Bg HL L%['7( SC: C8!aGk:(G   *<> 9T<i>  L?<; .      \L#mQ<0: #<=1D 9: P?F@#<5 6<@ */O:?<5
\L%@ .1L?O P#=FK #> .CL 9: 3CH#/5 SC: 2 \.; 3C%/5 bng 9: )XC: .    #7<; 6<O :%<C9 a0: *O?- *YzC2 SC:

*> \9#8: .&F@ \L#mQ0: PD 9: .&;#O 3CH#/5 c#&&^8 P:%_1 6[FC: P2.O .GL.  
a0: %C9 cH?V 6O 'O#5 3C%/5 *'@ E?_,::  

 
def NAME( LIST OF PARAMETERS ):  
  STATEMENTS  

 
*> #7; 6Q-#0 6@ */O#5 E:%O .&G:?TO 6@ :H *>#1 %G .&1:?5  E.&'@ *>#0: ^8 6O ).C%nO H#[O .C:

P?QC#K P#O9 . #G%Q>:H#K aB&,)LIST OF PARAMETERS (*> 9Ti>   'O#<5 9: \L#mQ0: E:%O 6@ .F@
 :H *5#(Jd: 6` .C.8)L?82 cH?V HL (X&G.O 'O#5 6O .C#O.  
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*> XC%nO H#[O 'O#5 P2HL :H EH?Q0L L:./5 %G X&1:?5 . ;` a70 q&;#" 9: .C#O c:H?Q0L SC: #>:
\%_F@ EH:fY2 .1?;.  

 .<1H:.1 E%Q>:H#K (&G )X&BC?FO XCH:L .pg #> 6@ */O:?5 9: 6Q0L S&,2: .    vH#<_1 y?<o1 SC:%O#<FO
a0: cH?V SC: 6O #=1D:  

  
def newLine():  
  print  

    
 'O#5 SC:newLine LH:L N#1 .*> 9Ti> *,#- E#G^Q1:%K  LH:.1 E%Q>:H#K (&G 'O#5 SC: 6@ .F@

a0: .C.8  - %Q@:H#@ )PD *82%- 6@ LH:L H?Q0L rC #=F5 2) .     <- %Q@:H#<@ -#<` *F/C )|#m5: SC:
*> >H *>#_FG  ).C.8  H?Q0L rC 9: #7; 6@ .GLprint @ \L#mQ0: *1#>?YHD (&G P2.O.&F(  

  "&K 'O:?5 *1:?-:%Z y?o1 .F1#> a0HL ).C.8 'O:?5 *1:?-:%Z y?o1 a0: P?QC#K qQ-#0:  
 

print "First Line."  
newLine()  
print "Second Line."  

  
a0: cH?V SC: 6O 6>#1%O SC: *82%-:  

  
First line.  

 
Second line.  

 
.&F@ agL  - 2L SC: P#&> *,#- %k0 6O .,#- E#G%k0 %Y:    /H?<k` X&Q<;:L 9#<&1 E%Qi&O *

*> X&F@ *1:?-:%Z 6n5%> SC.F` :H 'O#5 S&7G X&1:?5:  
  

print "First Line."  
newLine()  
newLine()  
newLine()  
print "Second Line."  

 
 N#1 6O E.C.8 'O#5 6[FC: #CthreeLines .F@ -#` .C.8  - 60 6@ X&BC?FO:  

  

                         
2 indent-  
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def threeLines():  
  newLine()  
  newLine()  
  newLine()  
 
print "First Line."  
threeLines()  
print "Second Line."  

  
 

 %Q@:H#@ 2L q'&0?O #=1D *_7G 6@ a0: H?Q0L 60 b>#; 'O#5 SC:A6'V#Z B\%_F@ \.; EH:fY .1: .
*> P?QC#K )X&0%O *_QZH?5 P2.O H?Q0L S&,2: 6O 6@ *1#>9 9: O#5 ~^8 H?Q0L SC: 6@ .7=ZaB&1 '.  

yH#OHL .F` *5#[1 6O 68?5  a0: EH2%$ 6>#1%O SC::  
  

1.  #7;*> .&1:?5 .&F@ *1:?-:%Z s:H%[> :H U:2H rC .     .<&m> 2 F<C:H H#&<BO H#<@ SC: N#l1: 'g:2 HL
a0:.  

2.  #7;*> .&1:?5   .<F@ *1:?<-:%Z :H E%_CL 'O#5 L?- 6@ .&;#O 6Q;:L */O#5 .    'O#<5 )U#<1> S<C: HL
threeLines  'O#5newLine *> *1:?-:%Z :H .F@.  

  
6O#5 .C#; .;#O \.i1 S;2H *O?- 6O .C.8 'O:?5 9: \L#mQ0: a'( U#" .  EL#<C9 bCtL a+&+" HL

*> :H %&-: U#1> HL L?=i> LH:?> 9: 61?71 2L %C9 HL 6@ LH:L L?82 'O:?5 9: \L#mQ0: E:%O .&F&O:  
  
• SQ-#0 *> :H P#[>: SC: #7; 6O .C.8 'O#5 rC  *G2%Y 6@ .GL   EH:f<_>#1 :H c:H?Q<0L 9:

.&F@. *> 'O:?5    )\L#<0 H?Q<0L rC aiK HL \.&)&K c#n0#o> E%0 rC PL%@ P#=FK #O .F1:?5
 *B&'_1: c#7'@ #O XG PD)61#>%o> .@ rC E#8 6O (\L#0 :H 6>#1%O .FC#71 %5.  

• \#5?@ EH:%[5 E#G.@ {f" #O :H 6>#1%O ).C.8 'O#5 rC SQ-#0 *> %5 .F@ .   r<C U#<1> E:%O
H\#5?@ \:   'O#<5 6@ a0: SC: *,:?Q> .C.8  - 6 $1 -#` E:%O %5threeLines    6<n5%> 6<0 :H

X&F@ *1:?-:%Z.  
  

 !"#$3-1:  <30 3. /=.3(nineLines    >.3?( -@?; AB *&4$@C.threeLines  A?. ",   ,@?DC+
A. AE( + AF G*$*H I; AJ0 K3L -*C. ,3B ./+ ,@:L  M"@(27 N- B K3L *$*H I;  
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3-8-  ) %=#/$[8F;$ :F SG,_<0F  

 "TO XG 9: :.8 E#G.@ U#p5: 9:3-6 6>#1%O  6O 6&n; E: *> %C9 HL 6)1D *> 6l&Q1 .&F&O L?;:  
  

def newLine():  
  print  
 
def threeLines():  
  newLine()  
  newLine()  
  newLine()  
 
print "First Line."  
threeLines()  
print "Second Line."  

 
#1%O SC:  a<0: 'O#<5 3C%/5 2L b>#; 6> :threeLines  2newLine  .    'O#<5 *<Z%/> a7<Bg

*> :%8: 6>#1%O c:H?Q0L %_CL P?)7G      .<C.8 'O#<5 P.<; 6Q-#<0 )bV#" ql&Q1 6@ c2#m5 SC: #O )L?;
a0: .    *<71 :%<8: L?<i1 *1:?<-:%Z 'O#5 6@ *1#>9 #5 'O#5 rC P2HL c:H?Q0L      (&<G 'O#<5 3<C%/5 2 L?<;

*82%- 1 .&,?5 E:*7 .F@.  
P#7G L%&Y cH?V PD E:%8: 9: "&K .C#O 'O#5 rC SQ-#0 .CH:L H#uQ1: 6@ H?d .   %<_CL P#<&O 6O

.;#O 6QZ%Y N#l1: )L?; \.1:?-:%Z H#O S&,2: E:%O 'O#5 6[FC: 9: bng .C#O 'O#5 *Z%/>.  
  

  !"#$3-2: *&O- P3QR0" A+30 . S"*R." A. ", T3. A+30 . /03$39 I; AF . U V?&( ( #$*.  /0"@?;" 
/+ W, MX /U =+ 5" YEZ >.3( *O- .  [?U3$,- /$3:; <3\&9 AL *&C&E. 3( *&CB " H" ", A+30 . P3]

/+ *&CB.  
  !"#$3-3:  >.3( ^$ =( ,3. #$" _ *&CB 53`X A+30 . a&bc %d40 3. ", ,3BnewLine  A. ",

 >.3( ^$ =( 5" 89 /$3HthreeLines *&O- P3QR0" . AL A+30 . S" H" 5" 89 W, /Z3e("
/+ N*O-  

3-9- F#"F .6)O  

        E:%<8: j<&5%5 9: .<C#O a<0: \.<; 3<C%/5 )\L#mQ<0: S&,2: 9: bng 'O#5 6[FC: 9: P#F&7d: E:%O
 s#"JkV: j'k> SC: 6O 6@ ).&;#O \#YD c:H?Q0L0!J0 7# 3 *> 6QmY L?;.  

*> %2%; 6>#1%O H?Q0L S&,2: 9: \H:?7G :%8: b7(  6O 2 *[C *[C c:H?Q0L 2 L?;  t#<O 9: j&5%5
*> :%8: S&C#K 6O .1L%Y .*71 %&&05 :H 6>#1%O E:%8: .12H 'O#5 3C%/5    6<@ .&<;#O 6Q;:L %d#- 6O #>: ).GL
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*71 :%8: )L?i1 *1:?-:%Z 'O#5 6@ *1#>9 #5 'O#5 P2HL c:H?Q0L .1?; .   #<>: a<B&1 U?7/> H#@ SC: 6`%Y:
*> #7; &F@ 3C%/5 E%_CL 'O#5 P2HL :H 'O#5 rC .&1:?5. .   6<@ *1#<>9 #5 *12HL 'O#5 3C%/5 LH?> SC: HL

*71 :%8: )L?i1 \.1:?-:%Z *12%&O 'O#5 L?;.  
a0: :%8: .12H HL *(%Z \:H rC 6&n; 'O#5 *1:?-:%Z . 'O#5 *1:?-:%Z H?Q0L 6O 6>#1%O 6@ *>#_FG

*> 6O ).0H        *<> \.<; *1:?<-:%Z 'O#<5  <- S&<,2: 6<O 6>#1%O .12H )./O H?Q0L 6O SQZH E#8  %<KL .  N#<75
*> :%8: :H #l1D c:H?Q0L      *<>%O L?<O \L%<@ #<GH :H :%<8: .12H 6@ *C#8 6O RA0 2 .F@    E:%<8: 2 LL%<Y

*> 6>:L: :H c:H?Q0L .GL.  
*> 'O#5 rC .CH2#&O L#C 6O 6[FC: 9: bng    %<u1 6<O \L#0 %?$?> ).1^O :.V XG :H E%_CL 'O#5 .1:?5

*> .0H .%O )'O#5 rC  02 HL a0: S[7> 6[1D U#" :%8: :H %_CL 'O#5 rC c:H?Q0L 6@ L?; H?nl> 6>#1
.F@ .j&5%5 S&7G 6O 2 .F@ :%8: :H E%_CL 'O#5 XG 9#O L?; H?nl> 6>#1%O 'O#5 PD E:%8: S&" HL #>:.  

a0: %G#> 6>#1%O E:%8: .12H Cm" HL P?QC#K )61#QTn;?- .  *<> b<>#@ */O#5 6@ P#>9 %G   )L?<;
 :H PD 6@ */O#5 6O s:L.l> 6>#1%O*> 9#O \.1:?-:%Z *> %0 9: :H H#@ q>:L: 2 LL%Y L%&Y .  E#<=Q1: 6O 6@ *Qg2

*> 6>#1%O *> P#C#K H#@ .0H .O#C.  
ql&Q1 #>:  *O P#Q0:L SC: 6>#1%O #7; 6@ *Qg2 /aB&` \^> *> :H E:  S&C#K 6O t#O 9: :H PD ).&1:?-

.&C#71 E%&_&K :H :%8: .12H 3?( HL 6['O ).&F[1 U#n1L.  

3-10- 9,7;`ON ) ,J#<7FO,>  ,J  

"&K 'O:?5 9: *-%O 6Q-#0 6O#5 6@ E: \L%@ \L#mQ0: U#" P#>?YHD 6O ).C:  E%CL#+> +.1H:L 9#&1 *C#G
*> U%QF@ :H 'O:?5 L%@H#@ y?o1 6@ .FF@ .*> 6@ *>#_FG U#1> E:%O     a<0.O :H EL.<( e?F&<0 .&G:?-

.&F@ 9Ti> :H %u1 LH?> L.( .C#O ).CH2D .O#5 SC:%O#FO 'sin       P#<>?YHD P:?<F( 6<O EL.<( H:.<+> rC
*> L%&Y.  

*> P#>?YHD rC 9: "&O 'O:?5 9: *!/O .1%&Y . 'O#5 61?71 E:%Opow  *> P#>?YHD 2L   6<C#K )L%&Y
#71 2 .*> \L#Q0%Z 'O#5 6O 6@ E%CL#+>      N#<1 6<O *C#<G%&0Q> 6<O 'O#5 P2HL HL ).1?;  !)&03(w,  W#<pQ-:
*> .FO#C.  

 rC 9: *,#1> #lFC: HL%OH#@ 'O#5-*> :H 3C%/5 *> %Q>:H#K rC 6@ .&F&O L%&Y:  
  

def printTwice(bruce):  
  print bruce, bruce  
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*> :H .":2 P#>?YHD rC 'O#5 SC:     N#<1 6<O E%Q>:H#<K 6O :H PD 2 L%&Ybruce   *<> an<B1  .<GL .
 %Q>:H#K H:.+>).;#O 6` 6[FC: 9: %u1 {%V (*> -#` %k0 rC HL 2 6n5%> 2L L?; . N#1bruce    S<C: 6O

     LH:L *_Q<BO #7<; 6<O #<G%Q>:H#K N#<1 ]#TQ1: X&GL P#i1 6@ \.; ]#TQ1: b&,L .    .C#<; *<'@ a<,#" HL
.&F@ ]#TQ1: L?- E#G%Q>:H#K E:%O E%5#C?Y *>#0: .&G:?TO.  

 'O#5printTwice \L:L %?1 #O *> H#@ ).;#O -#` bO#g 6@ E: .F@ :  
  

>>> printTwice('Spam')  
Spam Spam  
>>> printTwice(5)  
5 5  
>>> printTwice(3.14159)  
3.14159 3.14159  

 
  S&>?<0 HL 2 2&oV L.( rC )*1:?-:%Z S&>2L HL )6Q;H rC P#>?YHD )'O#5 *1:?-:%Z S&,2: HL

*> EH#i(: L.( rC *1:?-:%Z .;#O.  
"&K 'O:?5 HL 6@ j&@%5 .(:?g P#7G    OH#<@ '<O:?5 HL ).<1L?O H:%g%O P?QC#K qQ-#0%-   X<G 3<C%/5

*> b7( .FF@ .*> #> SC:%O#FO  P#>?YHD P:?F( 6O *5H#n( %G 9: X&1:?5printTwice X&F@ \L#mQ0::  
  

>>> printTwice('Spam'*4)  
SpamSpamSpamSpam SpamSpamSpamSpam  
>>> printTwice(math.cos(math.pi))  
-1.0 -1.0  

  

    *O#<C9H: 'O#<5 E:%<8: 9: bng cH#n( )U?7/> H?d 6O  *<>  L?<; .   'O#<5 SC:%O#<FOprintTwice 
H:.<<<<<+>SpamSpamSpamSpam-SpamSpamSpamSpama- 6<<<<<O :H   E#<<<<<8'Spam'*4-

'Spam'*4 *<<> -#<<` .<<F@ .  6<<@ a<<0: %<<@* 6<<O N9tprintTwice  H:.<<+>'Spam'*4  6<<O :H
SpamSpamSpamSpam *71 bC.n5          *<> cH?<V P?QC#<K %<Bm>  <0?5 H#<@ S<C: 6<['O .<F@  L%<&Y .

printTwice =F5*> -#` :H \.; *O#C9H: cH#n( # .F@.  
6Q;H *> #G  E:%O 6@ *Fi&5?@ %?1 PD 2 .1%&Y H:%g Si&5?@  29 #C Si&5?@ r5 P#&> HL .F1:?5

*> )\.i1 \L#mQ0: 6Q;H PL%@ H?po> L?; \L#mQ0: PD P2HL 6Q;H 9: *Q7Bg P:?F( 6O .1:?5:  
 

>>> state1 = "Don't worry!" 
>>> print state1 
Don't worry! 
>>> state2 = '"Mr. Rossum", has created Python.' 
"Mr. Rossum", has created Python. 
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  !"#$3-4: printTwice  ,"*Q+ AB *&CB /0"@;" U S,@f ",'Spam'*4-'Spam'*4 
*0"- g53. ",.  

  
*> S&F)7G #> X&F@ \L#mQ0: P#>?YHD P:?F( 6O %&0Q> rC 9: X&1:?5:  

  
>>> michael = 'Eric, the half a bee.'  
>>> printTwice(michael)  
Eric, the half a bee. Eric, the half a bee.  

 
  

.&F@ 68?5 *7=> H#&BO qQ[1 6O #lFC: HL .  *<> \L#Q<0%Z P#>?YHD P:?F( 6O 6@ E%&0Q> N#1   L?<;
)michael (%Q>:H#K N#1 #O *d#n5H: (&G)bruce (6O PD HL E%&&05 2 LH:.1 *71 L?82 LH2D . aB&1 X=>

 'O#5 HL #lFC: +L?; \.1:?-:%Z EH:.+> 6` #O 'O#5 6@printTwice    :H ^<&` 6<7G #>bruce   ]#<k-
*> X&F@.  

3-11- .L<?J *4I7 ,J#<7FO,> ) ,J#&V<7  

  r<C #7; 6@ *>#_FG -wVP& !Dh)&   *<> */O#<5 P2HL :H       'O#<5 P2HL #<=F5 %<&0Q> S<C: ).C9#<0
*71 #7; 2 LH:L aCL?8?> O .&1:?5.&F@ \L#mQ0: PD 9: 'O#5 P2%& .61?71 E:%O:  

  
def catTwice(part1, part2):  
  cat = part1 + part2  
  printTwice(cat)  

 
*> P#>?YHD 2L 'O#5 SC:   '<78 XG #O :H #=1D )L%&Y)    .F<;#O L.<( 6<@ *5H?<VHL (   |#<o,: #<C) HL

.F;#O 6Q;H 6@ *5H?V (*> -#` 6n5%> 2L :H 6l&Q1 RA0 2 \L%@ @.F .   *1:?<-:%Z 6Q<;H 2L #O :H 'O#5 #>
*> X&F@:  

  
>>> chant1 = "Pie Jesu domine, "  
>>> chant2 = "Dona eis requiem."  
>>> catTwice(chant1, chant2)  
Pie Jesu domine, Dona eis requiem. Pie Jesu domine, Dona eis 
requiem.  

 
 'O#5 c#&'7( *Qg2catTwice *> P#C#K  ).O#C %&0Q>cat *> S&O 9: L2H . :H PD X&F@ */0 %Y:

*> aZ#CHL #k- N#0&K )X&F@ -#` X&F@:  
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>>> print cat  
Traceback (most recent call last): 
  File "<interactive input>", line 1, in ? 
NameError: name 'cat' is not defined 

 
.FQBG *'o> ^&1 #G%Q>:H#K . 9:  H#- )U#1> E:%O 'O#5printTwice 6O E^&`   P:?<F(bruce 

*> 3:%Q(: P?QC#K ).&C#71 \L#mQ0: PD 9: .&F@ */0 %Y: 2 LH:.1 L?82 .F@.  

3-12-  <M> H,JOFG;!6  

6O 2 #G%&0Q> GLH an7 a=8          \L#mQ<0: *Q7<Bg 6<` HL r<C %<G 6<@ %?<$?> S<C: PL%A0 %d#-
*>  rC X0H ).1?;H)", 301@I# a0: .&m> *G#Y .K E#GH:L?71     )a<,#" E#<GH:L?71 P?<)7G ^<&1 6Qi

*> "C#71 :H %&0Q> rC H:.+> *> 9Ti> SC: %O \2J( #=1D 6@ c2#m5 SC: #O ).FGL    %<&0Q> %<G 6@ .FF@
LH:L !'/5 */O#5 6` 6O.  
 rC #O 'O#5 %G '(x*> \L:L "C#71 L?; . a0: \.; b&[i5 b[; b&kQB> HL#@ rC 9: ]#g %G

> N#1 2 PD H#F@ HL 'O#5 N#1 6@*> 6Q;?1 PD P2HL #G%Q>:H#K 2 #G%&0Q .1?; .K H:L?71  HL :H b<ng U#1> qQi
*> %C9 .&F&O:  

    *<> "C#<71 :H 6<>#1%O E:%<8: .12H )6QiK j&5%5  .<GL .  'O#<5printTwice  6<O    'O#<5 q'&<02
catTwice *> *1:?-:%Z  2 L?;catTwice  'O#5  0?5 L?-__main__    SC%5t#<O E:%<O *>#1 6@

?-:%Z )a0: 'O#5*> \.1: L?; .     *<> '<O:?5  &<o> 9:  H#<- E%<&0Q> #7; \#Y%G      6<O %<&0Q> S<C: ).C9#<0
__main__ LH:L !'/5.  

  chart1          "Pie Jesu domine," 

  chart2          "Dona eis requiem." 

    part1          "Pie Jesu domine," 

    part2          "Dona eis requiem." 

        cat          "Pie Jesu domine, Dona eis requiem." 

   bruce          "Pie Jesu do mine, Dona eis requiem." 

       __main__ 

          catTwice 

        printTwice 

 b[;3 -1  
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*> \H#;: v%&u1 P#>?YHD H:.+> 6O %Q>:H#K %G .F@ . SC:%O#FOpart1   %<O:%O EH:.+>chant1  2
part2  #O %O:%O EH:.+>chant2 LH:L . S&F)7Gbruce  #O %O:%Ocat a0:.  

%Z U?d HL %Y: \.1:?-:%Z :H PD 6@ */O#5 N#1 2 'O#5 PD N#1 P?QC#K ).QZ: |#m5: *C#k- 'O#5 *1:?-:
 6O 6@ *C#8 #5 j&5%5 S&7G 6O 2__main__ *> -#` :H LL%Y%O .F@.  

 'O#5 P2HL 9: .&F@ */0 %Y: )U#1> E:%OprintTwice  6Ocat      r<C ).<&F@ :.<&K *<0%Q0L
 E#k-NameError *> aZ#CHL .&F@: 

Traceback (innermost last):  
  File "test.py", line 13, in __main__  
    catTwice(chant1, chant2)  
  File "test.py", line 5, in catTwice  
    printTwice(cat)  
  File "test.py", line 9, in printTwice  
    print cat  
NameError: cat  

  

 :H 'O:?5 9: aB&, SC:r, -:(8 *> .F>#1 .RK *> #7; 6O *O#C    2 6<>#1%O b<C#Z N:.@ HL #k- .C?Y
  \L?<O :%<8: U#" HL 6uo, PD HL */O:?5 6` 2 a0: \L#QZ: |#m5:  - N:.@ HL  .<1: .   9:  <- PD S&<F)7G

*> P#i1 :H a0: \.; #k- j8?> 6@ 6>#1%O .GL.  
RK P#&> aG#n; 6O .&F@ 68?5 6QiK H:L?71 2 *O#C .aB&1 *ZL#p5 aG#n; SC:.  

3-13-  a&<6 [8F;$ OFG  

\L%O H#@ 6O U#" 6O #5 6@ */O:?5 9: *-%O .&;#O \.; 68?Q> a0: S[7>   *<$#CH 'O:?5 .F1#> ).C:
6l&Q1  *<>%O :H E:  .<F1:L%Y .    .<F1#> E%<_CL '<O:?5newLine    *<> N#<l1: *<'7(     :H EH:.<+> #<>: .<FGL
*71%O .F1:L%Y .6O :H *5t:�0 =oO SC: *> L?82 LH2D:  

  
•  %Y:O#5*/ *> E2H 6` ).&G.1 N#l1: *'7( (&G PD ql&Q1 E2H 2 .&F@ *1:?-:%Z :H   /.<GL)  sJ1<>

.&F[1 \L#mQ0: %QYH^O cH#n( rC HL #C 2 .&G.1 anB1 E%&0Q> 6O :H PD(.  
3. %Y: 6l&Q1 6@ :H */O#5 *71%O E:     E2H 6<` .<&F@ \L#mQ<0: cH#n( rC 9: *Q7Bg P:?F( 6O .1:L%Y

*>  sJ1> /.GLnewLine() + 7  
4.  #CD*> P:?5 6l&Q1 6@ a;?1 */O:?5 9#O :H E:    \L#<0 '<O:?5 %<&YHL .C#O P#F)7G #C .F1:L%Y   %<&u1 E:

newLine  2printTwice /L?O 
  

L:L X&G:?- N#l1: XlFK bpZ HL :H H#@ SC: #> 2 a0: an1> U:�0 S&>?0 @0#K.  
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  !"#$3-5: *&O- hF39 ",  i$- P"jF _- . 3?$ 53k+ l,3.,- 3mn AB /RZ_      ,- /?om2 M-@?. 53?k+ <*?2
[F"  4e+ 5" MX M*&F 9 GhF39 #RU3$ S" . VF3C+ 7", p$ G*$,"- /qF 9 M@R$39.  

3-14- STF)  7,6  

function call )k:(G -#0@>0!N(  
*> :%8: :H 'O#5 rC 6@ EH?Q0L P#>?YHD 9: *QB&, 2 'O#5 N#1 9: a0: cH#n( 2 .F@    6<@ PD E#<G

LH:L H:%g ^Q1:%K rC P2HL.  

argument )?(&@93S( 

*> U#0H: PD 6O 'O#5 *1:?-:%Z N#_FG 6@ EH:.+> L?; .   )'O#<5 HL L?<- %&u1 %Q>:H#K 6O H:.+> SC:
*> W#pQ-: .O#C. 

return value )-)"9!: 307`&( 

'O#5 rC ql&Q1 .   PD H:.<+> *Q<iY%O H:.+> )L?; \L#mQ0: cH#n( rC P:?F( 6O 'O#5 *1:?-:%Z %Y:
L?O .G:?- cH#n(. 

type conversion )|@# X87jG( 

  *> %?1 rC 9:  :H EH:.+> 6@ 2C%V 2 2$:2 H?Q0L rC   %<_CL %?1 9: v%&u1 H:.+> 6O 2 L%&Y
*> bC.n5 .F@. 

type coercion )|@# Mx@& X87jG( 

  *> E2H H#@L?- cH?V 6O P?QC#K ag?> bC.n5 S&1:?g e#0: %O 6@ %?1 bC.n5 rC .GL  . 

module )4  (&( 

  #; *'C#Z6(?7l> b> : E:eJ@ 9 XG 6O 6QBO:2 'O:?5 2 #G. 

dot notation )Ht`# 230!91(I# 20( 

   )U2M#<> N#<1 PL%@ 9Ti> #O 6@ %_CL U2M#> rC P2HL 9: 'O#5 rC *1:?-:%Z E:%O vH#_1 y?o1
*> N#l1: U2M#> N#1 2 6k+1 rC L%&Y.  
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function )k:(G( 

N#1 q,#n1L : E.&m> c#&'7( 6@ c:H?Q0L 9: EH:L*> N#l1 .GL . 6Q;:L E%Q>:H#K a0: S[7> 'O:?5
.F;#O 6Q;:.1 #C 2 .F;#O .S&7G 6l&Q1 a0: S[7> H?d     6<l&Q1 (&<G #<C 2 .<FF@ .&,?5 :H E:   6Q<;:.1 E:

.F;#O. 

function definition )k:(G C8!aG( 

  *> E.C.8 'O#5 6@ EH?Q0L *> 9Ti> :H PD *C:%8: c:H?Q0L 2 #G%Q>:H#K )N#1 2 L9#0 .F@. 

flow of execution )0!J0 7# 3( 

  6>#1%O E:%8: U?d HL c:H?Q0L E:%8: j&5%5 

parameter )!)&03(,( 

*> \L#mQ0: 'O#5 P2HL 6@ *>#1 6O \.; U#0H: H:.+> 2 L?;      \L:L an<B1 PD 6<O P#<>?YHD P:?F(
*> L?;. 

local variable )-VP& !Dh)&( 

  'O#5 rC P2HL \.; 3C%/5 %&0Q> .'o> %&0Q> rC*> \L#mQ0: 'O#5 PD P2HL  +Z * L?;. 
 

stack diagram )H)", 301@I#( 

  6QiK *[&Z:%Y "C#71 *> %?8H #=1D 6O 6@ E%CL#+> 2 P#iC#G%&0Q> )'O:?5 9: E: .FF@. 

frame )'(x( 

*> "C#71 6QiK H:L?71 rC HL :H *1:?-:%Z 6@ *'[; b&kQB> HL#@ .GL . E#G%&0Q> b>#; ]#g
 E#G%Q>:H#K 2 *'o>*> 'O#5 .;#O. 

traceback )r, -:(8( 

  *> -#` :%8: P#>9 E#k- rC %?g2 N#_FG HL 6@ :%8: U#" HL 'O:?5 9: *QB&, .1?;.  





-I"J  KLM') + 'D  
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       6<O X<G 9?<FG #<>: ).<&F@ H#<@ PD #O 2 *":%d :H 'O#5 rC 61?_` 6@ .&Q-?>D 6Q;fY bpZ HL
2 a-#0 y?o1 LH?> HL E%Qi&O c#(Jd: .CH:L 9#&1 #=1D 9: \L#mQ0: 9%d.  

P#O9 EL#&FO X&G#m> 9: %_CL *[C #O )'O:?5 *0H%O %O \2J( bpZ SC: HL 6>#1%O E#G  6<O *BC?1   N#<1
*> #F;D *+kF> 2 *d%; c:H#n( .C?; .X&7p5 P#O9 HL E%&Y 6>#1%O E#G  6<p&p- 6'78 9: *BC?1   *C#<G
6>#1%O *>#75 HL s#nC%+5 6@ a0:  EL%OH#@ E#G*> Xi` 6O LH?- .    P:^<&> P#<7G 6<O )EL%OH#@ q>#1%O rC

{#k/1: X&7p5 %?F5 9: )E%CfK a,#" *0H%O E:%O E%&Y a0: H:LH?-%O 3'QT> E#G.  
        #F<;D *Q<iY9#O '<O:?5 H#Q-#<0 #<O b<pZ S<C: HL )P?QC#K P#O9 HL 6p&p- SC: *0H%O %O \2J(

*> .C?; .&BO L?O .&G:?- HL#g H#Q-#0 SC: 9: \L#mQ0: #O6>#1%O 9: EH#   \L#<0 E.<12H #O :H \.&)&K E#G   %<5
\L#&K .&F@ E9#0.  

4-1 - *^,8 #Y4!5 S.6,7  

-x(: !/VIB  ]7#(&  2&oV L:.(: E2H %O)2&oV c:H#n( 2 (*> H#@  *g#<O 2 .F@    9: R<K :H \.<1#>
*> 6l&Q1 )N2L L.( %O U2: L.( X&B+5 .GL .*g#O %_'7( P?QC#K HL     .<VHL a<>J( #<O \.1#>)% ( <71 "C#

*> \L:L L?; .a0: #G%_'7( %_CL 6&n; a0HL PD yL#mQ0: E?_,::  
  

>>> quotient = 7 / 3  
>>> print quotient  
2  
>>> remainder = 7 % 3  
>>> print remainder  
1  

 
ql&Q1 SC:%O#FO   X&B+57  %O3  #O %O:%O2 *g#O 2 a0:  #O %O:%O \.1#>1 *> .;#O.  

< 6O %_'7( SC: a0: S[7>P#F` #>: ).;#O 6Q;:.1 EL%OH#@ %G#      .<&m> H#&<BO .<CL .<&G:?- 6@
a0: .*> #7; U#1> E:%O "TO .&1:?5 .&F@ *0H%O :H %_CL EL.( %O L.( rC E%CfK .   q<l&Q1 %<Y:x%y 

 RK ).;#O %mVx  %Oy "TO a0: %CfK.  
*> #7; S&F)7G XgH #C XgH .&1:?5  6<O :H L.( rC a0:H a70 E#G   .<CH2D a<0L . 1 E:%<O  6<1?7

x%10  L.( a0:H a70 XgHx )E#Fn> HL10 ( *<> 6l&Q1 :H   6<O 2 .<GL     6O#<i> H?<dx%100   X<gH 2L
 a0:H a70x *> FQF> :H L?;.  
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4-2- *';8 XFO,P5  

 rC-E@: i3(jB   a<0HL 6@ a0: *5H#n()true (   a<0HL#1 #<C)false ( a<0: .  P?QC#<K HL
 H:.+> a0: 2&oV 6@ *5H#n(1 +> a0: a0HL#1 6@ *5H#n( 2 H:.0 a0: :H:L :H.  

 %_'7(== *> .&,?5 :H *,?O H:.+> rC 2 6BC#+> :H H:.+> 2L .F@:  
  

>>> 5 == 5  
1  
>>> 5 == 6  
0  

  

 )cH#n( SC:%O#FO .1%O:%O XG #O .1?'7( 2L U2: H?Q0L HL1 )true (*> *O#C9H:   S&<>2L HL 2 L?;
 H?Q0L5  #O6  6l&Q1 :f, 2 aB&1 %O:%O0 )false (a0:.  

_'7( %==  9: *[CHg8(`& 2(.!/VIB 20 a0: .6BC#+> E#G%_'7( %_CL 9: .F5H#n( E::  

      *<$#CH E#<GL#71 #<O P?QC#<K E#<GL#71 #>: ).F;#O #F;D P#QC:%O #G%_'7( SC: a0: S[7> 6`%Y:
.F52#mQ> . a>J( 9: \L#mQ0: )U?7/> E#G#k- 9: *[C= 6O  a>J( E#8== a0: .6O    .&<;#O 6Q<;:L %d#-

 6@= 7( rCanB1 %_'  2 *GL== 6BC#+> %_'7( rC  a<0: E: .      E#<GL#71 6<@ a<0: %<@* 6<O N9t>= 
)hH^O E2#B> #C %5 ( 2<= )r`?@ E2#B> #C %5 (    \L#mQ<0: b<O#g cH?<V S&<7G 6O #=F5 )P?QC#K HL   2 .<1:

cH?V  %&u1 E%_CL E#G=>  #C=< *> 9#l>%&} )L?; \L#mQ0: *$#CH HL a0: S[7> 6@ .F;#O.  

4-3- ,J#Y4!5*+KL7 H  

 60 P?QC#K HL -`tA& !/VIBLH:L L?82 :and )or  2not .      6<O 6&n<; #<G%_'7( S<C: N?<=m>
a0: *B&'_1: P#O9 HL P#i&1#/> . )U#1> E:%Ox > 0 and x < 10   6<@ a0: a0HL *1#>9 #=F5x 

hH^O  %mV 9: %5  r`?@ .;#O \L 9: %5.  

x  3.y  3$ [4&0  ." .x  ^r3d+y [F"     x != y  
x  5"y [F"  Rg,1.          x > y  
x  5"y [F"  RsL@B        x < y    
x  S_34+ 3$  Rg,1.y [F"      x >= y  
x  S_34+ 3$  RsL@By [F"      x <= y  
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n%2 == 0 or n%3 == 0 cH#n( 2L %G 6[FC: %_> a0: a0HL .;#O a0HL#1 .  %<Y: RK
 %O L:.(: 9: *[C2 (8  %O3 "TO a0: 2&oV cH#n( .;#O %CfK.  

 %_'7( )%-D HL 2not *> 4&+1 :H *,?O cH#n( rC  %Y: SC:%O#FO ).F@x > y    #<C 2 .<;#O  '}
 %_CL cH#n( 6Ox r`?@  E2#B> #C %5y  ).;#Onot(x > y) a0: a0HL.  

( rC E#G.1?'7( )!&gL 2 *'@ a,#" HL    L#<C9 P?QC#<K #<>: .F;#O *,?O *5H#n( .C#O *+kF> %_'7
aB&1 %&_QT0 .6O %mV %&} L.( %G  P:?F(true *> %&Bm5 L?;.  

>>> x = 5  
>>> x and 1  
1  
>>> y = 0  
>>> y and 1  
0  

  

   a<0: 6<QZ%_1 H:%<g 68?5 LH?> *O?- v2H 6O c:H#n( 9: XBg SC: )b@ HL .    .<&G:?TO #7<; %<Y:
 #O :H EH:.+>0 .&GL N#l1: a":%V #O :H H#@ SC: .C#O ).&F@ 6BC#+>.  

4-4- *Q#E XFO,P5 HF#"F  

    H#<QZH %<&&05 2 52%<; *0H%O E:%O *C#1:?5 rC 6O 6i&7G s#nC%+5 ).&m> q>#1%O rC SQ;?1 E:%O
XC.F>9#&1 #=1D e#0: %O 6>#1%O .-U!; i03@)51   *<> #<> 6O :H *C#1:?5 SC:  .<FGL . \L#<0    H?Q<0L SC%<5

 *d%;if a0::  
  

if x > 0:  
  print "x is positive"  

 

 H?Q0L 9: ./O 6@ *,?O cH#n(if *> H:%g  )L%&Y"!; *> \.&>#1 L?; .   ).<;#O a<0HL 5%; %Y:
\%_F@ H?Q0L *> :%8: \.; EH:fY *71 *g#m5: (&G cH?V SC: %&} HL 2 L?; .QZ:.  

 %_CL P?)7G~%!& i03@)51)   *d%; H?Q0Lif     2 P:?<F( r<C 9: ^<&1   c:H?Q<0L 9: *@?<'O
a0: \.; b&[i5:  

  
HEADER:  
  FIRST STATEMENT  
  ...  
  LAST STATEMENT  
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 P:?F()Header(*> 9#}D .C.8  - rC 9: )  S,?@ rC #O 2 L?;): (*> P#C#K  .<O#C .  c:H?Q<0L
\%_F@ *> 6>:L: HL 6@ \.; EH:fY  rC .FCD #@V:*> \.&>#1 .1?; . \%<_F@ 9: 6@ EH?Q0L S&,2:  f<Y EH:

*> 9Ti> :H I?'O P#C#K )L?;  H#- .F@ .\H:^Y  E:)\H:^Y #C *C#G ( H?po> j@%> H?Q0L rC P2HL 6@
 )a0: \.;H#7: *> \.&>#1 L?;.  

 H?Q0L rC q1.O HL 6@ *5:H?Q0L L:./5 HL *QCL2.o> (&Gif *> H:%g     #<>: )LH:.<1 L?<82 L%&Y
a0: *>:^,: H?Q0L rC bg:." L?82 .O SQ;:L c#g2: *!/O61.     a<0: .<&m> )H?Q<0L P2.O E:)  st?<7/>

6Q;?F1 9?FG 6@ E.@ E:%O #8 SQ;:L 6_1 a=8 .C: .(*> cH?V PD HL   H?Q<0L 9: 61.O a7Bg HL .&1:?5
pass *71 N#l1: *'7( (&G 6@ .&F@ \L#mQ0: .GL.  

4-5- b,c<6F HF#"F  6,`)G H,J  

 H?Q0L N%Z S&>2Lif ]#TQ1: E:%8: PD HL 6@ a0: 61#Y2L E#G  5%; 2 LH:L L?82 U#7Q": 2L
*> S&/> L?; :%8: r&>:.@ .F@ .a0: %C9 cH?V 6O a,#" SC: E?_,::  
  

if x%2 == 0:  
  print x, "is even"  
else:  
  print x, "is odd"  

  

*> *g#O *Qg2 6@ X&1:L  X&B+5 y.1#>x  %O2 )a0: %mV )x *>  29  *Fn> :H *>#0&K 6>#1%O 2 .;#O
 6l&Q1 SC: %O*> "C#71 .GL .*> :%8: c:H?Q0L 9: 6Q0L S&>2L ).;#O  '} 5%; %Y:  .1?<; .  *C#<l1D 9:
 .C#O 5%; 6@true  #Cfalse ]#TQ1: 9: *[C s#+&gL ).;#O .; .G:?- :%8: #G .]#TQ1:   #<G H>(w;   X<G

*> \.&>#1 6-#; P?)7G #=1D :%C9 ).1?; .FQBG :%8: .12H HL *C#G.  
6O 9 *0H%O 6O #7; %Y: \2J(       *<> ).<CH:L 9#<&1 L.<( r<C PL?<O L%<Z #C  2    r<C HL :H PD .<&1:?5

6QBO .&GL H:%g E.FO .6QBO SC: a0: 'O#5 rC E.FO:  
  

def printParity(x):  
  if x%2 == 0:  
    print x, "is even"  
  else:  
    print x, "is odd"  

 
 H:.+> %G E:%Ox  )printParity *> "C#71 j0#F> N#0&K rC  .<GL . *<Qg2    :H PD #7<; 6<@

*> *1:?-:%Z *> ).&F@ .&G.O PD 6O P#>?YHD P:?F( 6O :H *o&oV cH#n( %G .&1:?5:  
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>>> printParity(17)  
17 is odd 
>>> y=21 
>>> printParity(y+1)  
22 is even 

  

4-6- S#&a6: *Q#E XFO;<0G HF  

  L 9: "&<O 6<O #> 2 LH:L L?82 U#7Q": 2L 9: "&O 'g:?> *!/O HL   X<CH:L 9#<&1 6-#<; 2 .  9: *<[C
\:H  *5#n0#o> S&F` P#&O E#G]!D\#[ -U!; i03@)51 20 a0::  

  
if x < y:  
  print x, "is less than", y  
elif x > y:  
  print x, "is greater than", y  
else:  
  print x, "and", y, "are equal"  

  

elif  q7'@ 2L 3mT>else  2if a0: . #=F5 XG 9#O 6-#<; 9: *[C    *<> :%<8: #<G  L?<; .  (&<G
 c:H?Q0L L:./5 HL *QCL2.o>elif  #>: LH:.1 L?82else )L?82 cH?V HL (.;#O 6-#; SC%-D .C#O:  

  
if choice == 'A':  
  functionA()  
elif choice == 'B':  
  functionB()  
elif choice == 'C':  
  functionC()  
else:  
  print "Invalid choice." 

  

5%; q7G *> *0H%O j&5%5 6O #G L?; .  5%<; S&,2: %Y:false      *<0H%O E.</O 5%<; ).<;#O
*> j&5%5 S&7G 6O 2 L?;.  

5%; 9: *[C %Y: *> :%8: PD #O %<#FQ> q-#; ).;#O a0HL #G *> P#C#K H?Q0L 2 L?; .O#C .  *<Q"
*> :%8: a0HL q-#; S&,2: #=F5 X&;#O 6Q;:L a0HL 5%; rC 9: "&O %Y: ?;L.  

  
  !"#$4-1:  P3t+ #$"  <30 A. /=."@( ,- ", 3Ocompare(x,y)  _dispatch(choice) 

AR4. *&$3m0 S*C..  
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4-7- ;$OG;$ *Q#E XFO;<0G  

*> *d%; yH:^Y rC 6O .1:?5  cH?V @wG31@G       L%<&Y H:%<g E%<_CL *d%<; yH:^<Y HL L?<- .  #<>
L N#l1: :H %C9 U#7(: 6@ X&BC?FO *Q7Bg 60 U#1> rC X&QB1:?5.G:  

  
if x == y:  
  print x, "and", y, "are equal"  
else:  
  if x < y:  
    print x, "is less than", y  
  else:  
    print x, "is greater than", y  

  

a0: 6-#; 2L b>#; *12%&O *d%; yH:^Y .       #<>: )LH:L \L#<0 *<82%- H?Q<0L r<C 6-#<; S&,2:
 H?Q0L rC b>#; N2L q-#;if @ a0:a0: 6-#; 2L E:H:L L?- 6 .  H?Q<0L rC N:.@ %G 6-#; 2L PD

*> 6`%Y: ).FQBG  2%- .F;#O *d%; yH:^Y rC XG 9#O .F1:?5.  
\%_F@ 6[FC: #O *> H#[;D :H 6>#1%O H#Q-#0 c:H?Q0L EH:fY  *d%; c:H?Q0L PL%@ ?5HL?5 )L9#0

*> H:?;L :H 6>#1%O P.1:?- .F@ .> 6@ #l1D #5 a0: %Q=O %?7l> HL*    ?<5HL?5 *d%<; c:H?Q0L 9: ).&1:?5
.&C#71 ^&G%K.  

    *<> XG:%<Z ?<5HL?5 *d%<; c:H?Q0L PL%@ \L#0 E:%O :H *G:H j'}: *+kF> E#G%_'7(  .<FF@ .
*> #> 61?71 E:%O X&BC?FO .":2 *d%; H?Q0L rC HL :H %C9 .@ X&1:?5:  

  
if 0 < x:  
  if x < 10:  
    print "x is a positive single digit."  

  

 H?Q0Lprint *> :%8: *1#>9 #=F5     X&<;#O 6Q<;:fY %<0 a<iK :H 5%; 2L %G #> 6@ L?; .  :f<,
*>  %_'7( 9: X&1:?5and X&F@ \L#mQ0::  

if 0 < x and x < 10:  
  print "x is a positive single digit."  

  

.FlC:H H#&BO *d%; c:H?Q0L %?1 SC: .     1 6<O 6&n<; *<;H#_1 y?<o1 P?QC#<K SC:%O#FO  EH:f<YL#7
*> XG:%Z *$#CH .F@:  

if 0 < x < 10:  
  print "x is a positive single digit."  

  
5%; 2 j@%> *,?O cH#n( #O *C#F/> %u1 9: 5%; SC: LH:L aG#n; ?5HL?5 E#G.  
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4-8-  O;<0Greturn  

 H?Q0Lreturn *> :H P#[>: SC: #7; 6O       :H PD E:%<8: 'O#<5 %<-D 6<O P.&<0H 9: bng 6@ .GL
>.&F@ 3g?Q ..&GL "C#71 :H #k- a&/$2 rC #7; 6@ a0: PD P#[>: SC: 9: \L#mQ0: b&,L rC:  

  
import math  
 
def printLogarithm(x):  
  if x <= 0:  
    print "Positive numbers only, please."  
    return  
 
  result = math.log(x)  
  print "The log of x is", result  

  
'O#5 printLogarithm  N#1 #O E%Q>:H#Kx *> L%&Y . *<> *0H%O 6@ E^&` S&,2:    S<C: L?<;
 #CD 6@ a0:x r`?@  E2#B> #C %50   *<> \L:L "C#<71 #k- N#0&K rC L?O S&F` %Y: +61 #C a0:   2 L?<;

 H?Q0L RA0return *> :%8: 'O#5 9:  2%- E:%O L?; . *<> %O 'O#5 P:?-:%Z 6O s:H?Z :%8: .12H   2 LL%<Y
*g#O 5?k- *71 :%8: 'O#5 y.1#> L?; . EU2M#> E'O:?5 9: \L#mQ0: E:%O 6@ .&;#O 6Q;:L %d#- 6Omath   .<C#O

 :H U2M#> SC:import .&F@.  

4-9- *<M`:,8 [8F;$  

*> 'O#5 rC 6@ XCL%@ \H#;: #>     :H U#<1> SC.<F` #7<; 2 L?; *1:?-:%Z E%_CL 'O#5  0?5 .1:?5
.CL%@ 6u"J> LH?> SC: HL .  

#8j, *> 'O#5 rC 6[FC: %5 .F@ *1:?-:%Z XG :H vL?- .1:?5 .  *1#<[>: S&F` E#C:^> a0: S[7>
]:f8 9: *[C SC: #>: ).;#n1 N?'/> *O?- 6O j,#8 2 SC%5    *<> 6<>#1%O r<C 6@ a0: *C#GH#@ SC%5   .<1:?5

.GL N#l1: ..C%_FO %C9 'O#5 6O 61?71 E:%O:  
def countdown(n):  
  if n == 0:  
    print "Blastoff!"  
  else: 
    print n  
    countdown(n-1)  

 
 'O#5countdown  %Q>:H#K 6@ LH:L H#uQ1:n  .<;#O an1> .  %<Y:n      q<7'@ )*<82%- .<;#O %m<V

Blastoff!      *<82%- cH?<V S<C: %<&} HL )a0:n       N#<1 6<O */O#<5 RA<0 2 a<0:countdown 
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)vL?- (*> *1:?-:%Z  2 L?;n-1 O *1#>?YHD P:?F( 6O*> \L#Q0%Z PD 6 L?; .  %<C9 'O#5 .F1#> */O#5 %Y:
*> *g#m5: 6` .&F@ *1:?-:%Z :H  /.QZ:  

>>> countdown(3)  
  

 E:%8:countdown  #On=3 *> %2%;  P?` 2 L?;n  H:.+> *82%- )aB&1 %mV3 *>   RA<0 2 .;#O
*> :.V :H vL?- 'O#5  .19. . .  

 E:%8:countdown  #On=2 *> %2%;  P?` 2 L?;n  H:.+> *82%- )aB&1 %mV2 *>  2 .;#O
*> :.V :H vL?- 'O#5 RA0  .19. . .  

 E:%8:countdown  #On=1 *> %2%;  P?` 2 L?;n    H:.<+> *<82%- )aB&1 %mV1 
*> *> :.V :H vL?- 'O#5 RA0 2 .;#O  .19. . .  

  

 E:%8:countdown  #On=0 *> %2%;  P?` 2 L?;n  #O %O:%O0  *82%- )a0:
 q7'@Blastoff! *> 9#O RA0 2 a0: LL%Y.  

 'O#5 PDcountdown  %Q>:H#K 6@n=1 *> 9#O L?O 6QZ%Y :H LL%Y.  
 'O#5 PDcountdown  %Q>:H#K 6@n=2 *> 9#O L?O 6QZ%Y :H LL%Y.  

 'O#5 PDcountdown  %Q>:H#K 6@n=3 *> 9#O XG L?O 6QZ%Y :H LL%Y.  
  

 6O #7; RA0 2__main__ *> %O   .<CL%Y)  E%m<0 6<` .(!!O      \.<CL 6<@ *<82%- b<@ SC:%O#<F
*> a0: cH?V SC: 6O L?;:  

3  
2  
1  
Blastoff!  

  

 'O#5 6O \H#O2L U#1> S&>2L P:?F( 6OnewLine  2threeLines .&F@ \#_1:  
  

def newline():  
  print  
 
def threeLines():  
  newLine()  
  newLine()  
  newLine()  

  

*> H#@ 'O:?5 SC: 6` %Y:  #>: .FF@ *82%- X&G:?TO %Y:2  #C106   #<> 6O *[7@ ).;#O .C.8  -
*71 .FF@ .X&BC?FO cH?V SC: 6O */O#5 6@ a0: PD %Q=O yH#`:  
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def nLines(n):  
  if n > 0:  
    print  
    nLines(n-1)  

 
 6O 6&n; 6>#1%O SC:countdown *1#>9 #5 +a0:  6@n hH^O  9: %50      <- r<C *<82%- )a0:

 2 a0: .C.8 -#` a=8 :H vL?- 'O#5 RA0n-1   *<> *1:?<-:%Z %_CL .C.8  -  .<F@ . SC.<O   P#<0
 .C.8 5?k- b@ L:./51+(n-1)   q<l&Q1 6O .&GL N#l1: a0HL :H c#n0#o> %Y: 6@ a0:n   .<&G:?-

 .&0H!  
     :H 'O#<5 PD L?<-  <0?5 'O#5 rC *1:?-:%Z .FC:%Z Mw"9[(:  S<C: 2     *Q<iY9#O :H '<O:?5 6<1?Y

*> .F>#1.  

4-10- !6*<M`:,8 [8F;$ HF#8  <M> H,JOFG;  

 "TO HL3-11  *1:?<-:%Z N#_FG HL 6>#1%O rC a,#" PL:L "C#71 E:%O 6QiK H:L?71 rC 9: #> )
XCL%@ \L#mQ0: 'O#5 .*> H:L?71 %?1 P#7G .F@ r7@ *QiY9#O 'O#5 rC %&Bm5 6O .1:?5 .  'O#<5 6@ ag2 %G

*> *1:?-:%Z *> .C.8 'O#5 E:%O ]#g rC P?QC#K L?;   'O#<5 *'o> E#G%Q>:H#K 2 #G%&0Q> b>#; 6@ L9#0
a0: .X&;#O 6Q;:L 6QiK E2H %O ]#g rC 9: "&O P#>9 rC HL a0: S[7> *QiY9#O 'O#5 rC E:%O.  

 b[;4-16QiK H:L?71 )  E:%O :H E:countdown *> "C#71   #<O 6@ .GLn=3    \.<; *1:?<-:%Z
a0::  

 E:%O *O#g 6QiK Et#O 6i&7G__main__ L H:%gLH: . E%&0Q> (&G #> :%C9 a0: *,#- ]#g SC:
 HL__main__ 6Q-#B1 \L#Q0%m1 PD 6O E%Q>:H#K (&G #C 2 XC: XC: .   ]#<g H#<=`countdown   %CL#<+>

 E:%O *52#mQ>n .1H:L . 6@ *C#8 HL 6QiK S&C#Kn=0  )a0:(Aj& ME(c *> \.&>#1  L?<; .    6<O ]#<g S<C:
*71 *1:?-:%Z *QiY9#O cH?V  SC:%O#FO L?;]#g LH:.1 L?82 E%Qi&O E#G .  

  

    n            3 

    n            2 

    n            1 

    n            0 

__main__ 

countdown 

countdown 

countdown 

countdown 

 b[;4 -1  
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  !"#$4-2:  >.3( S" . ARq9 ,"-@m0 p$nLines  ,"*Q+ 3.n=4 *&CB 6F,.  

4-11- *8 @M`:,8 ,d<6F  

(&G aiY9#O rC %Y:   *<> *1:?<-:%Z 6i&7G E:%O *QiY9#O 'O#5 ).0%1 #Fn> a,#" 6O \#Y   2 L?<;
(&G 6>#1%O :f, *71 P#C#K \#Y .O#C . P:?F( 6O j'k> SC: 9:-: M"9[(: (e)#0 *> L#C   6<O 2 L?<;    *<'@ H?<d

y.C:  aB&1 *O?-.  
r`?@ #lFC: HL *O aiY9#O rC #O 6>#1%O SC%5 *> \.G#i> :H #=Q1: .&F@:  

  
def recurse():  
  recurse()  

  

 &o> j'}: HL 6>#1%O E#G 6>#1%O *BC?1   *<O a<iY9#O rC #O E:       :%<8: 6<i&7G E:%<O s#</g:2 #<=Q1:
*71 .1?; .P?QC#K *> vH:^Y #k- N#0&K rC .&0H aiY9#O !7( %1@:." 6O 6@ *Qg2 .GL:  

  
File "<stdin>", line 2, in recurse  

         )!" #%& (*+ ,-./1( 
File "<stdin>", line 2, in recurse  
RuntimeError: Maximum recursion depth exceeded 

 
RK SC: hH^O XC.CL bng bpZ HL 6)1D 9: *7@ *O#C a0: %5 .*> >H #k- *Qg2    ]#<g .<V ).GL

LH:L L?82 6QiK HL *QiY9#O .  *<> H:%<[5 6n5%> .V |?Z N#0&K U2:  - b7( HL SC:%O#FO    HL 6<@ LL%<Y
 #lFC:98 a0: \.; {f" PD H:%[5.  

  
  !"#$4-3: /. [qg53. 3. /=.3( *&CB " H" M@R$39  4e+ ,- ", MX _ *&4$@C. M" B.  

4-12-  I_e HG)O) .&4W  

6>#1%O 6Q;?1 P?F@#5 6@ *C#G *71 aZ#CHL %OH#@ 9: EL2H2 (&G 6@ aO#O SC: 9: )XC:    *<7@ .<1L%@
.FQBG {#k/1: bO#g%&} 2 ri- .*> N#l1: 6O#i> H#@ rC H#O %G #=1D .FGL ."&K 'O:?5 P?QC#K  6Q-#<0  E:

6omV 9: EL2H2 SQZ%Y E:%O a0: \.CL IH:.5 .&'@ .\L#0  'O#5 SC%5raw_input N#1 LH:L .  S<C: *Qg2
*> \.1:?-:%Z 'O#5 *> 3g?Q> 6>#1%O L?; *> %uQF> 2 L?;    .<F@ LH:2 :H E^<&` %OH#<@ #5 .1#> .   6<@ *<Qg2

 .&'@ %OH#@Enter  *<> 6>:L: 6>#1%O E:%8: )L:L H#iZ :H   2 .<O#Craw_input    \.<; LH:2 E#<G%Q@:H#@
6O :H %OH#@  0?5 *>%O 6Q;H rC P:?F( .1:L%Y:  
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>>> input = raw_input ()  
What are you waiting for?  
>>> print input  
What are you waiting for?  

 
 *1:?-:%Z 9: bngraw_input   E^<&` 6` 6@ X&GL vH:^Y %OH#@ 6O *>#0&K -#` #O aB&1 .O

.F@ LH:2 :H . N#0&K SC: ?oB0LH:L N#1 .*> #> 6O :H *1J(: X&1:?5     6<O P#<>?YHD r<C P:?F(raw_input 
X&G.O:  

  
>>> name = raw_input ("What...is your name? ")  
What...is your name? Cyrus, King of the World!  
>>> print name  
Cyrus, King of the World!  

  

*> ).;#O 2&oV L.( rC )]:?8 X&G:?TO %Y:  'O#5 9: X&1:?5input X&F@ \L#mQ0::  
  

prompt = "What...is the airspeed velocity of an unladen\ 
swallow?\n"  
speed = input(prompt)  

  

 a>J(A\ B*> \9#8: #> 6O 6QZH H#[O U2:  - P#C#K HL 6@     .</O  <- HL :H 6Q<;H SC: q>:L: .GL
XCH2#&O .6O H?Q0L rC .@ SC: U2:  - 2L SC:%O#FO *> H#7; .12H.  

6,#n1L %OH#@ %Y: #=1D ).F@ ;C#5 :H N#gH: 9: E:   *<> bC.<n5 2&oV L.( rC 6O     %<&0Q> 6<O 2 .1?<;
speed *> W#pQ-: .O#C .     N#<0&K r<C 6<>#1%O .<;#n1 XgH 6@ .F@ ;C#5 :H E%Q@:H#@ %OH#@ %Y: 61#m04Q>

*> "C#71 #k- .GL:  
  

>>> speed = input (prompt)  
What...is the airspeed velocity of an unladen swallow?  
What do you mean, an African or a European swallow?  
SyntaxError: invalid syntax  

 
SC: 9: E%&Y?'8 E:%O  'O#5 9: a0: %Q=O #G#k- 61?Yraw_input   6<O EH:.+> 2 X&F@ \L#mQ0:

X&F@ bC.n5 \L:L %_CL %:?1: 6O :H PD )U.n> 'O:?5  0?5 RA0 2 XC%&_O 6Q;H rC P:?F(.  
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4-13- STF)  7,6  

modulus operator )-x(: !/VIB ]7#(&(  
 .VHL a>J( #O 6@ E%_'7()% (*> \L:L P#i1   *<> H#<@ 2&oV L:.(: E2H %O 2 L?;  .<F@ .  S<C:

*g#O )%_'7( *> 6l&Q1 :H %_CL 2&oV L.( rC %O 2&oV L.( rC X&B+5 y.1#> .GL.  

boolean expression )-E@: i3(jB(  
 a0HL #C 6@ *5H#n()true ( a0HL#1 #C 2)false (:a0.  

comparison operator )Hg8(`& !/VIB 20(  
*> 6BC#+> XG #O :H H:.+> 2L 6@ *C#G%_'7( 9: *[C .F@ :== ,!= ,< ,> <= ,  2>=  

logical operator )-`tA& !/VIB(  
61.O 2 P:?F( 9: j@%> EH?Q0L . S,?@ rC #O P:?F( (:) *<> P#C#K  .<O#C .     P:?<F( 6<O an<B1 6<1.O

LH:L *_QZH?5.  

conditional statement )-U!; 630$9(  
*> U%QF@ 52%; *-%O e#0: %O :H :%8: .12H 6@ EH?Q0L .F@.  

condition )"!;(  
*> 9Ti> *d%; yH:^Y rC HL 6@ *,?O *5H#n( L?; :%8: 6-#; N:.@ .F@.  

compound statement )~%!& 3@)51(  
\H:^Y a0: 61.O 2 P:?F( b>#; 6@ *d%; E: .  a<>J( rC #O P:?F( (:)-  *<> 6<75#    6<1.O 2 .<O#C

a0: *_QZH?5 E:H:L P:?F( 6O anB1.  

block )#@V:(  
6(?7l> 6O#i> *_QZH?5 #O *K#&K c:H?Q0L 9: E:.  

body )H#7:(  
*> P:?F( U#n1L 6O 6@ j@%> H?Q0L rC HL *@?'O .CD.  
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branches )H>(; (.(  
]#TQ1: *> :%8: b+QB> H?d 6O *d%; H?Q0L rC E:%8: .12H HL 6@ *C#G ;.1?.  

nested )@G31@G(  
 6-#<; P2HL *d%; H?Q0L rC .F1#> )%_CL EH#Q-#0 HL 6>#1%O H#Q-#0 rC    H?Q<0L r<C 9: E:

%_CL *d%;.  

recursion )M"9[(:(  
 a0: :%8: U#" HL 6@ */O#5 *1:?-:%Z)vL?-  0?5 st?7/>.(  

base case )(Aj& ME(c(  
6-#;      <lF> 6<@ *Q<iY9#O 'O#<5 r<C HL *d%; c:H?Q0L 9: E:     *Q<iY9#O *1:?<-:%Z r<C 6<O %

*71 L?;.  

infinite recursion )-: M"9[(: (e)#0(  
*> *1:?-:%Z :H L?- *QiY9#O cH?V 6O 6@ */O#5 *71 #Fn> a,#" 6O \#_)&G #>: .F@  .<0H .  r<C

*O aiY9#O *> :%8: P#>9 E#k- rC 6O %lF> N#l1:%0 #=Q1: L?;.  

prompt )?oB0(  
*> %OH#@ 6O 6@ E%pO yH#;: rC \L:L 6` .C?Y  .F@ LH:2 :H.  



%NE@( G);0H ,;A  

   

 

 

l\A, XWN  

%NE@( G);0H
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P#7G  b<pZ HL 6@ H?d        X<=> 9: '<O:?5 ).<; 6<QmY ^<&1 6Q<;fY E#<G    P#<O9 X&G#<m> SC%<5   E#<G
6>#1%O .FQBG *BC?1 .6Q-?>D #lFC: #5 6@ */O:?5 *> P#C#K 2 \L:L N#l1: :H *pTi> b7( #=F5 ).C: .FO#C.  

O:?5 XCH:L .pg bpZ SC: HL6(?7l> N#l1: %O \2J( 6@ X&F@ *0H%O :H */  H:.+> )c:H?Q0L 9: E:
.F1:L%Y%O 6l&Q1 P:?F( 6O 2 .FF@ .&,?5 :H E%CL#+> #C .SC: P#C#K HL      *Q<iY9#O cH?<V 6<O :H '<O:?5 61?Y

*> \L#mQ0: X&F@.  

5-1- *<M`#8 #=G,+7  

"&K 'O:?5 9: *-%O \L%@ \L#mQ0: P?F@#5 6@ :H 6Q-#0  P?)7G )XC: .&,?5 :H *lC#Q1 *$#CH 'O:?5
\L%@ .1: .*> .&,?5 E.C.8 H:.+> )'O#5 *1:?-:%Z   *<> an<B1 %&0Q> rC 6O st?7/> #> 6@ .F@    #<C 2 X&<GL
6O 6O cH#n( rC 9: *Q7Bg P:?F( *> H#@ XC%O.  
  

e = math.exp(1.0)  
height = radius * math.sin(angle)  

 
(&G #>: 6Q;?1 6@ */O:?5 9: N:.@ XC:\.1:L%_1 9#O :H EH:.+> P?F@#5 ) .1:.  

      :H #<=1D 2 .<F1:L%Y9#O :H E%CL#<+> 6<@ X&<BC?FO */O:?5 XCH:L .pg #> )bpZ SC: HL  Hw\D)# kw:0@G 301 
*> X&>#1 .*>%O :H PD a"#B> )\%C:L rC %#/; SQZ%Y #O 6@ a0: a"#B> 'O#5 )U#1> S&,2: .1:L%Y:  
  

import math  
 
def area(radius):  
  temp = math.pi * radius**2  
  return temp  

  
 H?Q0L #O sJng #>return \L%@ LH?-%O   6<l&Q1 'O#<5 rC HL #>: )XC:   H?Q<0L H:Lreturn    r<C b>#<;
-)"9!: 307`& a0: .*F/C H?Q0L SC: :w   6<O a<0: \.>D 6>:L: HL 6@ *5H#n( 9: 2 L%Y%O 'O#5 SC: 9: s:H?Z

S@ \L#mQ0: *QiY%O H:.+> P:?F(.x *> 6&:H: 6@ *5H#n( *> L?;  .<;#O \.&)&K \:?T,L H:.+> %G #5 .1:?5 .
*> SC:%O#FO 6VJ- :H 'O#5 SC: X&1:?5 X&BC?FO %5:  

  
def area(radius):  
  return math.pi * radius**2  

 
 P?)7G *Qg?> E#G%&0Q> )%_CL E?0 9:temp j&( \L#0 :H *O#C *> %5 L9#0 .    H?Q<0L .<F` 9: \L#mQ<0:

return 6O a0: .&m> 'g:?> *!/O HL )L%&Y H:%g 6-#; rC HL N:.@ %G 6@ EH?d:  
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def absoluteValue(x):  
  if x < 0:  
    return -x  
  else:  
    return x  

 
 c:H?Q0L SC: 6@ #l1D 9:return  :%8: #=1D 9: *[C #=F5 ).1H:L H:%g 61#Y2L *d%; yH:^Y rC HL

*> L?; .[C 6[FC: 4o> 6O*> P#C#K SC%C9 c:H?Q0L E:%8: P2.O 'O#5 )L?; :%8: * .O#C.  
 H?Q0L 9: ./O 6@ E.@return )*71 :%8: .12H 6@ *1#[> %G #C (&G .1:?5  6O \#Y .0%O PD (  )L%<&Y H:%g

 ]1!& 7%*> \.&>#1 L?;.  
6l&Q1 'O#5 rC HL    H?Q<0L r<C 6O 6>#1%O S[7> E#G%&B> N#75 6@ XC?; S:7k> a0: %Q=O H:L

return \.; XQ- .1: .U#1> E:%O:  
  

def absoluteValue(x):  
  if x < 0:  
    return -x  
  elif x > 0:  
    return x  

 
 %Y: :%C9 )aB&1 2&oV 6>#1%O SC:x (&G .;#O %mV 5%; 9: N:.@    P2.<O 'O#<5 2 aB&1 a0HL #G

 H?Q0L 6O P.&0Hreturn *> P#C#K .O#C .iY%O H:.+> )cH?V SC: HL \z<C2 H:.+> )*Q  6<O E:   N#<1None 
*> .;#O:  
  

>>> print absoluteValue(0)  
None  

 

  !"#$5-1: A4$3Q+ >.3( p$  <30 A. S"compare   g" AB *&4$@C.x>y  G1    ?g" Gx==y  G0 
  g" _x<y  G*n3.-1 *0"- g . ",.  

5-2 -  7,6#8 f/0;$  

.C%_FO b>#@ 'O#5 rC 6O .&1:?QO .C#O #7; )#lFC: HL       *<> N#<l1: EH#<@ 6<` 6<@ .<&C?_O 2  .<GL .
SC%75 %Y: S&F)7G   6Q<;?1 X<G *[`?@ 'O:?5 ).&;#O \L:L N#l1: :H #G  .<C: .     '<O:?5 SQ<;?1 6<@ P#<F)7G

hH^O      E#<G#k- #<O E%Q<i&O cJ[<i> 2 .C?; 2%O2H E%Qi&O EH:?;L #O a0: S[7> ).&F@ %2%; :H %5
.&;#O 6Q;:L *C#F/> E#G#k- 2 :%8: P#>9.  
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6O H?uF> 6>#1%O q/0?5 LH?> HL =oO  P:?F( #O *[&F[5 #> )\.&)&K E#G�a5@G    -w"80$N0  6<&:H:
*> X&GL .U#[;: E:%O *1t?d *1#>9 W#pQ-: 9: ]#FQ8: )6>#1%O *iC:^Z: q/0?5 9: {.G    !<C%d 9: *O#<C

a7Bg PL%@ "C#>9D 2 6Z#$: a0: P#>9 %G HL .@ r`?@ E#G.  
6O    *<> .<&F@ 3%<Z )*,#1> P:?F(  <&G:?-      c#<pQT> #<O 6<k+1 2L P#<&> q'<V#Z .(x1, y1)     2

(x2, y2) .&F@ :.&K :H .#O a0: %O:%O 6'V#Z SC: IH?}#1&Z qkO:H 6O 68?5 #O:  
  

distance =  (!" #$%&)' + $(() # *+), 
  

 'O#5 rC P?QC#K HL X&GL 9&Ti5 6@ a0: PD U2: N#Ydistance    6Q<;:L *'[<; 6<` .C#O 
.;#O .EL2H2 X&F@ 9Ti> .C#O )%_CL P#&O 6O  #G)#G%Q>:H#K (*82%- 2  E#G)*QiY%O %CL#+> (   6<` 'O#<5

.FQBG.  
EL2H2 )U#1> SC: HL *> #> 6@ .FQBG 6k+1 2L #G     2 X&<GL "C#<71 %Q>:H#<K H#=` #O :H #=1D X&1:?5

LH:L EH#i(: EH:.+> 6@ a0: 6'V#Z )*QiY%O H:.+>.  
*> #lFC: #5 - X&1:?5X&BC?FO :H 'O#5 *'V: 5?k:  

  
def distance(x1, y1, x2, y2):  
  return 0.0  

 
*71 6n0#o> :H 6'V#Z )'O#5 9: 6TB1 SC: 6@ a0: 2$:2  *<> %O :H %mV \H:?7G 2 .F@    #<>: .<1:L%Y

*> H#@ 2 a0: a0HL E?o1 ?#o, 9: 'O#5 SC: .F@ .*> #> *F/C    \.<&)&K :H 'O#<5 6<[FC: 9: bng X&1:?5   %<5
F@X&C#71 "C#>9D :H PD X&.  

*> *1:?-:%Z 61?71 %CL#+> #O :H PD ).C.8 'O#5 "C#>9D a=8 X&F@:  
  

>>> distance(1, 2, 4, 6)  
0.0  

  

\L%@ ]#TQ1: :H %CL#+> SC: #>  %O:%O *+Z: q'V#Z #5 )XC:3    %<O:%O EL?<7( q'V#Z 24     S<C: #<O +L?<;
 6l&Q1 )v2H5 *>  .;#O) %J$: #O *1'1>3-4-5 .(FG       ]:?<8 6<@ a<0: ]?<- )'O#<5 r<C "C#>9D N#_

X&1:.O :H a0HL.  
*> U#" 2 a0: 2&oV E?o1 ?#o, 9: 'O#5 6@ XC.; S:7k> #lFC: #5      6Z#<$: 6<O %2%<; X&1:?<5

X&F@ .@ 5?k- PL%@ .  *<> "C#<>9D \H#O2L :H 'O#5 )%&&05 6'"%> %G 9: ./O  X&<F@ .    %<G HL *C#<k- %<Y:
*> #> ).GL >H 6uo, HL b[i> 6@ X&1:L  a0: *Q7Bg 6`-\.; 6Z#$: s:%&-: 6@ *k- HL- .  
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 b<$#m5 PL%@ :.&K )6n0#o> HL *+kF> N#Y S&,2:   E#<Gx2 - x1   2y2 - y1  a<0: .   S<C: #<>
 N#1 6O *Qg?> E#G%&0Q> HL :H %CL#+>dx  2dy *> \%&-* *> -#` :H #=1D 2 X&F@ X&C#71:  

  
def distance(x1, y1, x2, y2):  
  dx = x2 - x1  
  dy = y2 - y1  
  print "dx is", dx  
  print "dy is", dy  
  return 0.0  

  

*> H#@ 'O#5 %Y:   L:.<(: .C#O *82%- ).F@3  24 )    *Q<iY%O H:.<+> 6<Qn,: 20.0 ( .<;#O .  S<C: HL
*> #> cH?V 6O :H 6n0#o> S&,2: 2 \L%@ aZ#CHL *Q0HL 6O :H #G%Q>:H#K 'O#5 6@ X&7=Z  N#l1: 2&oV H?d

0: \L:La .LH:L L?82 *0H%O E:%O  - .F` #=F5 cH?V SC: %&} HL.  
 c:H2fl> %?7l> RA0dx  2dy *> 6n0#o> :H X&F@:  

  
def distance(x1, y1, x2, y2):  
  dx = x2 - x1  
  dy = y2 - y1  
  dsquared = dx**2 + dy**2  
  print "dsquared is: ", dsquared  
  return 0.0  

 
L #> 6@ .&F@ agL H?Q0print 6Q;?1 bng 6'"%> HL 6@ :H   \L%<@ {f" )XCL?O  X<C: .  *C#G.<@

 :H SC: 6O 6&n;Mg:301 *> .1H:.1 L?82 *C#=1 ql&Q1 HL #>: .1.&m> 6>#1%O SQ-#0 HL :%C9 .F>#1.  
*> :%8: :H 6>#1%O s:L.l> 6'"%> SC: HL  :H *82%- 2 X&F@).C#O 6@25 .;#O (*> *0H%O X&F@.  

> %Y: aC#=1 HL U2M#math    *<> )X&<;#O \L%<@ LH:2 :H    'O#<5 9: X&1:?<5sqrt    2 6n<0#o> a<=8
X&F@ \L#mQ0: 6l&Q1 P.1:L%Y%O.  

  
def distance(x1, y1, x2, y2):  
  dx = x2 - x1  
  dy = y2 - y1  
  dsquared = dx**2 + dy**2  
  result = math.sqrt(dsquared)  
  return result  

  
.F@ H#@ 6>#1%O %Y:a0: N#75 #7; H#@ ) .*> cH?V SC: %&} HL  H:.+> .&1:?5result   9: b<ng :H

 H?Q0Lreturn .&F@ -#`.  



64     89 #$" 5"  !"#$%  

 

*> 6>#1%O SQ;?1 6O %2%; 6@ *Qg2      6Z#<$: :H .<@  <- 2L #<C rC #=F5 .C#O 6'"%> %G HL ).&F@
.&C#71 .  ).<CLH2D a<0L 6O E%Qi&O qO%l5 6@ *>#_FG   *<>     ?FO :H E%<QYH^O .<@ c#</kg .<&1:?5  2 .&<BC
U#[;: .&F@ *C:L9 .    *<> *<iC:^Z: q/<0?5 .<FC:%Z !C%d SC: 9:        HL a<g2 {J<5: 9: EL#<C9 .<" #<5 .<1:?5
U#[;: .F@ E%&Y?'8 *C:L9.  

  
a0: \.>D %C9 HL .FC:%Z SC: E.&'@ c#[1:  

•  .<CH2D L?8?O :H *[`?@ c:%&&05 N#Y 6O N#Y 2 .&F@ 9#}D :H H#@ *5#>.+> q>#1%O rC #O .  %<G HL
 %Y: 6uo,.; .&G:?- ''k> #k- PD %?g2 bo> 9: #7; ).;#O 6Q;:L L?82 *C#k-.  

5. .&F@ \L#mQ0: *Qg?> E#G%&0Q> 9: 6k0:2 %CL#+> EH:.=_1 a=8 .*> #7; cH?V SC.O   .<&1:?5
.&F@ *0H%O 2 -#` *82%- HL :H #=1D.  

6. *> H#@ 6>#1%O .C.CL 6@ S&7G *> ).F@ aBOH:L .&1:?5  F` c:H?Q<0L #C .&F@ {f" :H #G  6<1#Y.
L?i1 %5H:?;L 6>#1%O P.1:?- 6@ *5H?V HL #=F5 #>: ).&C#71 N#}L: j@%> c:H#n( HL :H.  

  
  !"#$5-2:  <30 A. /=.3( #Rn@0 ,@DC+ A. /q$"1U" %=F@( u_, 5"hypotenuse    7-3eR?F"

*&CB .6v3Z wot+ p$  (_ P@f *$3. >.3( #$"       xZ3?F _- P@?f #RU ?g 3?. ", A?$_"1r")   M"@?C2 A?.
+",39 R (*0"- g . .*&CB 7 &;y ", >.3( #Rn@0 /k$,*( Y]" + <3m(.  

5-3- Z&W#$  

P#7G  *<> #7; ).&;#O 6Q;:L H#uQ1: .C#O P?F@: 6@ H?d       %<_CL 'O#<5 P2HL 9: :H 'O#<5 r<C .<&1:?5
.&F@ *1:?-:%Z . *C#1:?5 SC:~D%!G *> \.&>#1 L?;.  

+1 2 \%C:L rC ^@%> 6@ a;?1 X&G:?- */O#5 #> )U#1> E:%O6k    #<O 2 L%<&_O :H PD  &o> E2H E:
.F@ 6n0#o> :H \%C:L a"#B> 6k+1 2L SC: 9: \L#mQ0:.  

      %<&0Q> 2L HL E^<@%> q<k+1 c#<pQT> .<&F@ 3%Zxc  2yc     HL *<k&o> q<k+1 c#<pQT> 2
 E#G%&0Q>xp  2yp a0: \.; \%&-* .   6<k+1 2L q'<V#Z #O %O:%O 6@ a0: \%C:L %#/; PL%@ :.&K U2: N#Y

*> .;#O .n;?-6O */O#5 61#QT  N#1distance *> N#l1: :H H#@ SC: 6@ XCH:L .GL:  
  

radius = distance(xc, yc, xp, yp)  

  
 

a0: PD P.1:L%Y%O 2 %#/; SC: 9: \L#mQ0: #O a"#B> SQZ#C N2L N#Y:  
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result = area(radius)  
return result  

 
XCH:L 'O#5 SC: P2HL c:H?Q0L SC: N#}L: 9::  

  
def area2(xc, yc, xp, yp):  
  radius = distance(xc, yc, xp, yp)  
  result = area(radius)  
  return result  

  
 :H 'O#5 SC: #>area2  'O#5 9: :H PD P:?QO #5 XC.&>#1area )   \L%<@ 3<C%/5 :H PD sJn<g 6@  X<C: (

L:L ^&75 .*> S&/> N#1 rC #O 'O#5 rC #=F5 9Ti> U2M#> rC HL  L?82 .1:?5.;#O 6Q;:L .  
  *Qg?<> E#G%&0Q>radius  2result    U#[<;: 2 6/<0?5 a<=8      #<>: ).<1.&m> 6<>#1%O *<C:L9

S&7G *> L%@ H#@ 6>#1%O 6@ *1:?-:%Z j&@%5 #O :H PD X&1:?5 6VJ- 'O#5 E#G X&F@ %5:  
  

def area2(xc, yc, xp, yp):  
  return area(distance(xc, yc, xp, yp))  

 

  !"#$5-3:  >.3(slope(x1, y1, x2, y2)  Yc3] I; V&n AB *&4$@C. S,@f ",
 %:Q0 _- 5"(x1 ,y1)  _(x2 ,y2) *0"- g . ", .  S ?i$- >.3( [;3F ,- >.3( #$" 5" 8zF

 M"@C2 3.intercept(x1, y1, x2, y2)  I; {"*E+ 5" | 2 AB *&CB 7-3eRF" S,@f
-@n 7*0"- g . }@U.  

5-4- *';8 [8F;$  

*> 'O:?5 +> .F1:?5 \.&)&K *iC#>9D c#n0#o> PL%@ *mT> E:%O j'}: 6@.F1:L%Y9#O :H *,?O %CL#
a0: j0#F> 'O:?5 P2HL .U#1> E:%O:  

  
def isDivisible(x, y):  
  if x % y == 0:  
    return 1  # it's true  
  else:  
    return 0  # it's false  
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 'O#5 SC: N#1isDivisible *> .;#O .6@ a0: U?7/>        6<O 6&n<; E^<&` :H *,?<O '<O:?5 N#<1
*'O ct:�0/.FF@ ]#TQ1: %&- . 'O#5isDivisible  H:.+> 2L 9: *[C1  #C0 *>%O :H   P#<i1 #5 .1:L%Y

 .GLx  %Oy "TO  %&- #C a0: %CfK.  
*> #>  *d%; H?Q0L 6@ a&/g:2 SC: 9: \L#mQ0: #O X&1:?5if   :H 'O#<5 )a0: *,?O cH#n( rC L?-

\L%iZ XC9#0 %5  H?Q0L 9: \L#mQ0: P2.O 2if X&1:L%Y%O :H PD s#7&+QB>:  
  

def isDivisible(x, y):  
  return x % y == 0  

  
*> P#i1 :H .C.8 'O#5 H#QZH "TO SC: .GL:  

>>> isDivisible(6, 4)  
0  
>>> isDivisible(6, 3)  
1  

*> \L#mQ0: *d%; c:H?Q0L HL j'}: *,?O 'O:?5 .1?;:  
  

if isDivisible(x, y):  
  print "x is divisible by y"  
else:  
  print "x is not divisible by y"  
 

if .F@ 60?02 SC: 6O 6&n; E.@ SQ;?1 6O :H #7; a0: S[7>:  
  

if isDivisible(x, y) == 1:  

 
aB&1 N9t .&:9 qBC#+> #>: .  

  
  !"#$5-4:  >.3(isBetween(x, y, z)       ?g" A?B *&?4$@C. S,@?f ",x ≤ y ≤ z 

 G-@. ," Z .1  ),@c #$"  &` ,- _0 *0"- g . ", .  

5-5-  a&<6 @M`:,8 OFG  

6Q-?>D :H P?QC#K 9: *[`?@ q(?7l>%C9 #=F5 )P?F@#5  %C9 SC: .&1:.O 6@ .;#O j,#8 .C#; #>: .C:
6>#1%O P#O9 rC r`?@ q(?7l> a0: b>#@ *BC?1 .6O *F/C *> P#O9 SC: q'&02  :H E^<&` %G .&1:?5   6<@
.&F@ P#&O )a0: 6n0#o> bO#g .  6<>#1%O %<G      *<> \.<; 6Q<;?1 P?F@#<5 6<@ E:      9: \L#mQ<0: #<O #<=F5 .<1:?5

*YzC2 6Q-?>D P#>9 SC: #5 6@ P#O9 9: *C#G  L?<; *BC?19#O .C:) .      9: EL2.<o> L:.</5 6<O #7<; )'<g:2 HL
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rBCL )e2#> ).&'@ 6omV P?)7G *C#G.":2 .&1:?QO #5 .CH:L 9#&1 c:H?Q0L 2 #G  . . .  .<&F@ U%<QF@ :H .
a0: :%8#> %-D SC: #>:(!  

  0?5 H#O S&,2: 6@ #(L: SC: c#n7:w8FCH?5 S,D x a0: *=8?5 bO#g SC%75 )\.; N#l1:) *[C 2:
 a<0: %5?&A>#@ X'( P:.F7i1:L S&,2: 9: . *<'(       .<1H:L \.<&+( *<!/O 6<[FC: X<}Hw  8<FCH?5 S<,D x  r<C

*$#CH 2: P:.F7i1:L 9: EH#&BO #>: a0: P:L .<1L%@ %2%; c#&$#CH #O %5?&A>#@ X'( q&, .(  PD 9: SC:%O#<FO
 P:?F( 6O~C$,@( %&� U *> L#C L?; .  :H PD c#<n7: P.CL R1#; ).&QBG c#n0#o> q&$%Z P#C%8 HL %Y:

a;:L .&G:?-.  
\.C: #7; 6O 6[FC: E:%O 6Q-?>D P?F@#5 6@ *C#GH:^O: #O 6@ X&G.O E:   *<> *C#<GH#@ 6` .C:   .<&1:?5

L N#l1:     L%<@ X&G:?<- *O#<C9H: :H *Q<iY9#O a<,#" 6O \.; 3C%/5 *$#CH 'O:?5 9: EL:./5 ).&G .  3<C%/5
a0: E?+'" 3C%/5 rC 6&n; )*QiY9#O .  6<@ *C#G^&` 6O a0: *(#8H: b>#; )3C%/5 6@ N?=m> SC: 6O

\.; 3C%/5 .1: .aB&1 .&m> P:.F` */g:2 E?+'" 3C%/5 rC:  
frabjuous: &` %G 6%; E:%O a0: *QmV 6@ E^frabjuous  .;#O!  

a0, HL :H |?Z 3C%/5 %Y:  .C?<; \LH9D a0: S[7> .&F@ ?lQB8 6>#1 .     6<O %<Y: %<_CL {%<d 9:
.CL .&G:?- :H %C9 cH#n( 6O 6&n; E^&` ).&F@ \#_1 *$#CH bCH?Q@#Z 3C%/5:  

  
0! = 1 
n! = n *(n-1)!  

 
*> 3C%/5 SC:  L.( bCH?Q@#Z .C?Y0 )1 H?Q@#Z 2 a0: H:.+> %G bCn   ]%<$ #O a0: %O:%On  HL

 bCH?Q@#Zn-1 . SC:%O#FO3!  #O a0: %O:%O3  #52!  %O:%O L?- 6@2  #51!  %O:%O XG PD 21  HL0!  a<0: .
 %O:%O 6l&Q1 :f,6 *> .;#O.  

 *<> st?7/> ).&BC?FO :H E^&` E*QiY9#O 'O#5 .&1:?QO %Y:        E:%<O X<G P?QC#<K q<>#1%O r<C .<&1:?5
O PD *O#C9H:.&BC?F .a0: 'O#5 E#G%Q>:H#K PL%@ 9Ti> )N#Y S&,2: .    .<&G:?- 6<8?Q> *<&^8 *;J5 #O

 6@ .;factorial *> %Q>:H#K rC L%&Y:  
  

def factorial(n):  
 

 'O#5 P#>?YHD H:.+> %Y:0  a0: *Z#@ ).;#O1 X&1:L%Y9#O :H:  
  

def factorial(n):  
  if n == 0:  
    return 1  
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 cH?V SC: %&} HL)a0: 6>#1%O j,#8 a7Bg SC: (     :.<&K E:%<O *Q<iY9#O *1:?<-:%Z rC .C#O #>
 EbCH?Q@#Z PL%@n-1  HL :H PD RA0 2 XC9#BOn X&F@ ]%$:  

def factorial(n):  
  if n == 0:  
    return 1  
  else:  
    recurse = factorial(n-1)  
    result = n * recurse  
    return result  

 
: .12H   'O#<5 .<12H 6O 6&n; 6>#1%O SC: E:%8countdown   "<TO HL4-9  a<0: .    'O#<5 #<> %<Y:

 H:.+> #O :H bCH?Q@#Z3 X&1^O :.V:  
  

 6@ #l1D 9:3  3,#T>0 *> U#n1L :H N2L q-#; )a0:  bCH?Q@#Z H:.+> qn0#o> 6@ X&F@n-1 a0:.  
 6@ #l1D 9:2  3,#T>0 *> U#n1L :H N2L q-#; )a0:   > qn<0#o> 6<@ X&F@   b<CH?Q@#Z H:.<+n-1 

a0:.  
 6@ #l1D 9:1  3,#T>0 *> U#n1L :H N2L q-#; )a0:    b<CH?Q@#Z H:.<+> qn0#o> 6@ X&F@

n-1 a0:.  
 6@ #l1D 9:0  #O0   *<> U#<n1L :H U2: q-#; )a0: E2#B>     P.<1:L%Y%O 6<@ X&<F@

 H:.+>1 a0: %_CL *QiY9#O *1:?-:%Z (&G P2.O.  
 *QiY%O H:.+>)1  ( HLn  <O %O:%O 6@ ) #1  *<>       \.<1:L%Y9#O 6<l&Q1 2 \.<; ]%<$ ).<;#O

*> L?;.  
 *QiY%O H:.+>)1  ( HLn  #O %O:%O 6@ )2 *> *> \.1:L%Y9#O 6l&Q1 2 \.; ]%$ ).;#O L?;.  

 *QiY%O H:.+>)2  ( HLn  #O %O:%O 6@ )3 *>  2 \.; ]%$ ).;#O6 *> 6l&Q1 :H .GL .   6<O *Q<iY9#O H:.+>
9#O \.; *1:?-:%Z 6@ */O#5 S&,2: *> LL%Y.  

 b[; HL5-1  6<,#n1L E:%O 6QiK H:L?71 6@ :H 6)1D  *1:?<-:%Z 9: E:     *<> P#<i1 'O#<5 E#<G   ).<GL
*> 6u"J> X&F@:  

        __main__ 

n         3    recurse         2      return        6 

n         2    recurse         1      return        2 

n         1    recurse         1      return        1 
n         0 

  
factorial 

factorial 

factorial 

factorial 

 b[;5 -1 
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P#[&K  0?5 H:L?71 HL *Ct#O qQiK 6O *QiY9#O %CL#+> bC?o5 \.; \L:L "C#71 *C#G .1: . %G HL
 *QiY9#O H:.+> ]#gresult 6O 6@ a0:  q'&02n  2recurse .&,?5 a0: \.; .   HL 6<@ .<&F@ 68?5

 *'o> E#G%&0Q> %-D ]#grecurse  2result *71 :%8: #=1D y.19#0 q-#; :%C9 ).1H:.1 L?82 L?;.  

5-6- 9,L&!QF ,8 gd"  

6>#1%O P.1:?- E:%O \:H rC ):%8: .12H PL%@ U#n1L *> #>: a0: #G    X<- 2 (&<K %K a(%0 6O .1:?5
L?; . :H PD #> 6@ LH:L L?82 *;2Hw8P#F&7d: #O "= x*> X&>#1 .      'O#<5 r<C *1:?<-:%Z 6<O #7<; *Qg2

*> H#@ a0HL 'O#5 .&F@ 3%Z ).C.&0H   *<> 9#<O XG :H j0#F> %CL#+> 2 .F@  .<1:L%Y .  6<O SC:%O#<FO   E#<8
.&F@ H?n( PD 9: )'O#5 E:%8: .12H PL%@ U#n1L.  

"&K 'O:?5 #O 6@ *1#>9 :H v2H SC: sJng #7; a+&+" HL #@ P?QC#K qQ-#0 *<> H    SC%<75 ).<CL%@
\L?71 .C: . #7; 6@ *Qg2math.cos  #Cmath.exp *> :%Z :H     P#<oQ>: :H '<O:?5 PD L%<['7( ).C.1:?-
*71 .CL%@ .*> 3%Z  +Z #7; *> H#@ #=1D 6@ .CL%@ "&K q1#TO#Q@ 6@ *1#B@ :%C9 ).FF@   P?QC#<K qQ-#0

6Q;?1 :H 6>#1%O ).1: \L?O *O?- P#BC?1 .1:.  
S&7G  a0: H?d    *<> :%<Z :H P#<5L?- '<O:?5 9: *[C #7; 6@ *Qg2 E:%O  .<&1:?- .          HL 6<1?71 E:%<O

 "TO5-4  N#1 6O */O#5 #>isDivisible    "<TO 6<@ X&Q<;?1        :H %<_CL L.<( %<O L.<( r<C E%Cf<K
*> 9Ti> L%@ . a0: a0HL 'O#5 SC: XC.; S:7k> #> 6@ H#O rC)   U#[<;: 2 "C#<>9D #<O   .<@ *<C:L9( )

*> O :H PD X&1:?5X&F@ \L#mQ0: XG 9#O PD .@ 6O PL%@ \#_1 P2..  
a0: cH?V S&7G 6O ^&1 *QiY9#O 'O:?5 E:%O . E#8 6O ).C.&0H *QiY9#O *1:?-:%Z 6O 6@ *Qg2

*> H#@ *QiY9#O *1:?-:%Z 6@ .&F@ 3%Z :%8: .12H PL%@ U#n1L  .F@)*> 2&oV ql&Q1 .GL ( 9: RA0 2
.&0%AO L?- :w bCH?Q@#Z S> 6[FC: 3%Z 6On-1 6O :H *> #CD )NH2D a0L   b<CH?Q@#Z X1:?5n  6<O :H   a<0L

/NH2D x L.( HL 6l&Q1 PL%@ ]%$ #O 6@ a0: 2$:2 LH?> SC: HLn *> ) .&GL N#l1: :H H#@ SC: .&1:?5.  
      EL#<(%&} *<7@ X&<F@ 3%<Z 2&o<V :H PD 'O#5 rC P.1#0H P#C#K 6O P2.O 6@ v2H SC: 6Qn,:

 :H PD #> 6[FC: b&,L #>: )a0:w8P#F&7d: #O "= x\.&>#1 a0: S&7G ^&1 XC:!  

5-7- #Y=G *',h7  

 N#<Y PL:L 2&$?5 E:%O *Qg?> E#G%&0Q> 9: #> bng U#1> HL       ).<@ SQ-#<0 P#<0D 2 6<>#1%O E#<G
#k- a=8 *> P?F@: #>: )XCL%@ \L#mQ0: *O#C X&F@ %Q7@ :H 6>#1%O 5?k- X&1:?5:  
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def factorial(n):  
  if n == 0:  
    return 1  
  else:  
    return n * factorial(n-1)  

 
\L%iZ E:%O E%Qi&O *YL#>D RK SC: 9: *> vH#m0 #>: )XCH:L 6>#1%O .@ E9#0   #<5 #7; 6@ X&F@

*> 6/0?5 :H .@ *Qg2 .&F@ \L#mQ0: 6>#1%O 2C%V qTB1 9: .&GL .6>#1%O .C.CL \#Y%G *> H#@ P#5   #<>: .F@
)a0: X&l" .CL%@ e#B":  *> 1:?5\L%iZ :H PD .& .C9#0 %5.  

U?7/> bCH?Q@#Z 9: ./O  *$#CH 'O#5 )*QiY9#O U#1> SC%5fibonacci   :H %<C9 3C%/5 6@ a0:
a0: :H:L:  

  
fibonacci(0) = 1 
fibonacci(1) = 1 
fibonacci(n) = fibonacci(n-1) + fibonacci(n-2) 

  
6O 'O#5 SC: P?QC#K 6O PD q78%5 #O *> U.n> %C9 cH?V L?;:  

  
def fibonacci (n):  
  if n == 0 or n == 1:  
    return 1  
  else:  
    return fibonacci(n-1) + fibonacci(n-2)  

 
  r<`?@ %CL#+> E:%O *Q" ).&F@ U#n1L :H :%8: .12H .&F@ */0 .&G:?TO %Y: #lFC: HLn   S<[7>

     3%<Z %<Y: P#<F&7d: #<O "=8 v2H e#0: %O #>: ).C?; F&Y sJ>#@ a0:    :%<Z 2L %<G 6<@ .<&F@   *1:?<-
*> H#@ a0HL *QiY9#O 6O :H 2&oV ]:?8 XG #O 2L PD PL%@ '78 #O 6@ a0: 2$:2 \#_1D ).FF@   a<0L

LH2D .&G:?-.  

5-8- SGFG UF;6F *0O#8 ,J  

 'O#5 #> %Y:factoial  H:.+> #O :H1.5 *> *g#m5: 6` )X&F@ *0H%O /.QZ:  
  

>>> factorial (1.5)  
RuntimeError: Maximum recursion depth exceeded  
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*O aiY9#O rC 6&n; SC: 6O #=Q1: *> %u1 *> 61?_` #>: .0H    #<Fn> a<,#" rC /.;#O S&F` .1:?5
 a&/$2 HLn==0 LH:L L?82 . %CL#+> 6@ a0: #lFC: b[i>n    *<> X<Y :H #<Fn> a,#"  .<FF@ .  S&<,2: HL

 H:.+> *QiY9#O *1:?-:%Zn  #O %O:%O0.5 a0: .:?-:%Z HL H:.+> E./O *1n  #O %O:%O 0.5   S<C: 9: 2 a0:
r`?@ 2 r`?@ H:.+> 6uo, *> %5 (&G #>: L?; *71 %mV 6O \#Y .0H.  

*> +XCH:L ]#TQ1: 2L #>  'O#5 X&1:?5factorial      X&<7/5 EH#<i(: L:.<(: E2H %<O H#@ E:%O :H
 #C 2 X&GLfactorial 6O :H  61?Y P#>?YHD %?1 6@ XC9#BO E:  O :H L?<- E#G  .<F@ *<0H% .  :H \:H S&<,2:

w#>#Y 'O#5x *> a0:  H#- ]#Q@ SC: =oO 9: *7@ 2 .F>#1 .*> "&K HL :H N2L \:H SC:%O#FO XC%&Y.  
*> #>  'O#5 9: X&1:?5type     *<pTi> 2&o<V H:.<+> %?1 #O %Q>:H#K %?1 qBC#+> E:%O)  .<F1#>1 (
X&F@ \L#mQ0: .*> H#@ %?$?> SC: E2H %O #> 6@ U#" *> )X&F@ ?5  *<0H%O XG :H %Q>:H#K PL?O an1> X&1:

X&F@:  
def factorial (n):  
  if type(n) != type(1):  
    print "Factorial is only defined for integers."  
    return -1  
  elif n < 0:  
    print "Factorial is only defined for positive integers."  
    return -1  
  elif n == 0:  
    return 1  
  else:  
    return n * factorial(n-1)  

 
XCH:L #Fn> a,#" 60 #> P?F@: . *<> :.8 :H 2&oV%&} L:.(: #Fn> a,#" S&,2:   .<F@)    P#<O9 6<O #<C

 61#&>#(A*> U#O%} .F@B (:H *mF> 2&oV L:.(: *>2L 2 .    -#<` :H *C#<k- N#<0&K 6>#1%O )a,#" 2L %G HL
*> FC: E:%O 2 .F@ 9Ti> H:.+> ).G.O P#i1 :H E^&` PL?O  '} 6[ 1 *> %O :H .1:L%Y:  

  
>>> factorial ("fred")  
Factorial is only defined for integers.  
-1  
>>> factorial (-2)  
Factorial is only defined for positive integers.  
-1 

  
 *<> \#_1D )X&GL N#l1: :H *0H%O 2L %G #> %Y:   <@ X&<1:L 6 n       2 a<0: a<n1> 2&o<V L.<( r<C

*> *> P#C#K aiY9#O 6@ X&F@ aO#7 X&1:?5 .O#C.  
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*> P#i1 :H *C?_,: 6>#1%O SC:  *G#Y 6@ .GL?(je/#  *<> \.&>#1  L?<; .  6<O U2: 5%<; 2L   P:?<F(
*> b7( P#n=_1 U#[;: %CL#+> #O 6@ *Qg2 6>#1%O .@ 9: 2 .FF@ *> H#@ SC%ZD    *<> a<uZ#o> .<F@  .<FC#71 .

P#n=_1 *> S[7> :H .@ *Q0HL c#n7: #G .19#0.  

5-9- STF)  7,6  

fruitful function )H\D)# k:(G  301(  
*>%O :H EH:.+> 6@ */O#5 .1:L%Y.  

return value )-)"9!: 307`&(  
a0: \.; .&,?5 'O#5 rC *1:?-:%Z bV#" 9: 6@ EH:.+>.  

temporary variable )Mx@& !Dh)&(  
%&-* E:%O \.; \L#mQ0: %&0Q>\ \.&)&K qn0#o> rC HL 6k0:2 H:.+> rC E9#0.  

dead code )]1!& 7%(  
(&G 6@ 6>#1%O 9: *Q7Bg  *<71 :%8: \#Y           H?Q<0L 9: .</O 6<@ a<0: S<C: %d#<- 6<O j<'}: 2 L?<;

return a0: 6QZ%Y H:%g.  

None   
  H?Q<0L 6@ */O:?5 HLreturn      H?Q<0L #<C 2 LH:.<1 L?<82return    P#<>?YHD E:H:L L?<8?>

QC#K )aB&1\zC2 H:.+> P? 6O E:  N#1None *>%O :H .1:L%Y.  

incremental development )-"80$N0 �a5@G(  
6O 6>#1%O q/0?5 6%d rC U#[;: 9: EH:LL?- H?uF> cH?V SC: 6O )*C:L9  .@ 9: *[`?@ q/kg 6@

L?; "C#>9D 2 6Z#$: P#>9 %G HL 6>#1%O.  

scaffolding )Mg:301(  
 6>#1%O q/0?5 U?d HL 6@ E.@aB&1 6>#1%O *1#C#K qTB1 ~^8 #>: )\.; \L#mQ0:.  

composition )~D%!G(  
%_CL */O#5 P2HL 9: 'O#5 rC *1:?-:%Z.  
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guardian )?(je/#(  
"&K 6@ *d%; U#[;: E#G.>D *> *0H%O :H 6>#1%O SC%ZD *> aC%C.> 2 .F@ .F@.  





,;"OH  
  

 

 

l"; XWN  
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  <0: EH:%<[5 3C#<2 E9#0H#@L?- a=8 j'}: #G%5?&A>#@ *<> \L#mQ  .1?<; .   s#<+&gL U#<7(: H:%<[5  
*> N#l1: *Q":H 6O #G%5?&A>#@ 6@ a0: EH#@ )#k- .&,?5 P2.O 6O#i> #C P#B[C    P#<B1: #<>: .<FGL   9: #<G

.1^8#( PD N#l1: . 6<>#1%O ql&Q1 HL L?8?> E#G#k- 6@ .&;#O 6Q;:L 68?5 .C#O       6<O P:?<F( (&<G 6<O #<G
*71 5?O%> %5?&A>#@ >#1%O SC: 6['O )L?;6     %5?&A>#<@ 6<O *GLH?Q<0L HL \#nQ;: cH?V HL 6@ a0: RC?1
*> #G#k- 92%O =(#O L?;.  

   *<> #F<;D %5?&A>#<@ HL EH:%[5 U#7(: N#l1: *_1?_` #O #7; )bpZ SC: HL     6<@ #<l1D 9: 2 .C?<;
*> ).1H:L 6,?+> SC: #O EL#C9 5#n5H: #G%&0Q>     %<&&05 6<1?_` b&[<i5 9: RK %&0Q> rC H:.+> 6@ .C9?>D

*> \L2.o> 6` HL #=1D 6O *0%Q0L y9?" 2 .O#C a0: E:.  

6-1-  6,`.LA b,?<6F  

P#7G 6QZ#CHL 6@ H?d       a<0: *1?1#<g *<'7( )%<&0Q> r<C 6<O ]#BQ1: rC 9: "&O P?QC#K HL ).C: .
 *<> %#8H: .C.8 H:.+> 6O :H L?8?> %&0Q> ).C.8 ]#BQ1:   .<GL)      3<g?Q> :H *7C.<g %<&0Q> 6<O %#<8H: 2

*> .F@.(  
  

bruce = 5  
print bruce,  
bruce = 7  
print bruce  

  

 6>#1%O SC: *82%-5 7  6@ H#O S&,2: :%C9 )a0:bruce   *<> -#<`    PD H:.<+> L?<;5   2 a<0:
 N2L q/ZL7  . H?Q0L S&,2: %-D HL 6@ *C#>#@ a>J(print  RK .C.8  - 6O SQZH '1#> )a0: \.>D

*> *82%- -#` 9: *82%- 6[FC: a'( 2 L?; L 2L %G #G \.<; \L:L "C#71 %k0 rC H     S&<7G ^<&1 .<1:
a0:.  

 #lFC: HL H#(97AL '(g)#0a0: \.; \L:L P#i1 a,#" H:L?71 rC HL:  

    H?Q<0L r<C 2 ]#<BQ1: c#&'7( rC 6@ a0: X=> H#&BO j'k> SC: 61#Y.F` ]#BQ1: =on> HL
 E2#B> a>J( 9: P?QC#K :%C9 )X&GL ^&75 XG 9: :H E2#B5)= ( L#mQ<0: ]#BQ1: E:%O *<> \    H#&<BO 2 .<F@

 6O 6&n; EH?Q0L 6@ a0: \.FnC%Za = b SC: 6@ L?; 6%k> E2#B5 H?Q0L rC P:?F( 6O aB&1 H?d.  

5 
  

7 
bruce 

 b[;6-1  
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*C#lO#8 E2#B5 6@ SC: U2:  6<1 ]#BQ1: *,2 a0: %CfK .     %<Y: c#&<$#CH HL U#<1> E:%<Oaa=a7 
 \#_1D7 = a  H?Q0L P?QC#K HL #>: )a0:a = 7  2 *1?1#g7 = a a0: 9#l>%&}.  

7G a<0: a0HL 6i&7G E2#B5 H?Q0L *$#CH HL S&F) .    %<$#" U#<" HL %<Y:aa=ab   ).<;#O
 6i&7Ga  #Ob L?O .G:?- %O:%O .*> ]#BQ1: H?Q0L rC P?QC#K HL    #<>: L9#<0 %O:%O XG #O :H %&0Q> 2L .1:?5

.F1#7O a,#" S&7G 6O 6i&7G .FQB&1 H?nl> #=1D:  
  

a = 5  
b = a  # a and b are now equal  
a = 3  # a and b are no longer equal  

 
 H:.+> N?0  -a *> %&&05 :H  H:.+> HL E%&&05 #>: .GLb 6O *71 L?82   %<_CL #=1D SC:%O#FO )LH2D

.FQB&1 %O:%O XG #O) .P#O9 9: *!/O HL 6>#1%O E#G   a<=8 *52#mQ> E?_,: \#nQ;: 9: E%&Y?'8 E:%O )*BC?1
*> \L#mQ0: ]#BQ1:  b&ng 9: L?;<- C #:= (.  

   X&<F@ \L#mQ<0: PD 9: 5#<&Q": #O .C#O #>: )a0: .&m> j'}: 61#Y.F` ]#BQ1: 6`%Y: .   %CL#<+> %<Y:
*> H:?;L U#[;: 'ZH 2 *C#1:?- ?#o, 9: :H 6>#1%O .@ ).FO#C %&&05 s:H%[> #G%&0Q> .19#0.  

6-2-  O;<0Gwhile 

#5   6O    q<>#1%O 2L U#<"nLines  2countdown    :%<O a<iY9#O 9: 6<@ :H    H:%<[5 b<7( N#<l1: E
*> \L#mQ0: \.CL ).FF@ XC: .SC: 6>#1%O 61?Y  ^&1 #G30!mG *> \.&>#1 .1?; .     H#&<BO H:%<[5 b<7( 6<@ #l1D 9:

\L#0 E:%O P#O9 qp&p- SC.F` P?QC#K )a0: FC:H *> XG:%Z PD PL%@ %5 .F@.  
6p&p- S&,2:  H?Q0L )X&F@ *0H%O XCH:L .pg 6@ E:while a0:.  
E^&` #lFC: HL  q>#1%O 6O 6&n;countdown  H?Q0L rC #O :Hwhile *> .&F&O:  

  
def countdown(n):  
  while n > 0:  
    print n  
    n = n-1  
  print "Blastoff!"  

 
\L%@ {f" :H *QiY9#O *1:?-:%Z #> 6@ #l1D 9: aB&1 *QiY9#O 'O#5 SC: )XC:.  

*> #7;  H?Q0L .&1:?5while P#7G :H  HL 6@ H?d*> P#&O *B&'_1: P#O9    .<&F@ \L#mQ<0: )L?<; .
 *F/C .@ SC:w 6@ *Qg2 #5n > 0  H:.+> )a0:n  \#_1D 2 \L%@ -#` :H1 S@ X@ PD 9: :H .  *<Qg2n   6<O

0  q7'@ ).&0HBlastoff! \.O "C#71 :H.x  
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 H?Q0L rC E:%8: .12H #lFC: HLwhile *> %_CL *5H?V 6O :H .&F&O:  
• LH2D a0L 6O 2 5%; *O#C9H: P0  #C1  
7.  5%; %Y:false )0 ( H?Q0L 9: )L?Owhile S@ :%8: :H E./O H?Q0L 2 ?;  H#-.  
8.  5%; %Y:true )1 ( q'"%> 6O 2 S@ :%8: :H 61.O HL L?8?> c:H?Q0L N#75 )L?O1 L%Y%O.  
  

 6<QZ%Y H:%g P:?F( %C9 HL 6@ a0: *5:H?Q0L N#75 61.O 9: H?uF>     P#<B[C *_QZH?<5 E:H:L 2 .<1:
.FQBG.  

SC:  rC :H .12H %?1H`Vc *>    .<1?&K U2: q<'"%> 6O 6+'" rC cH?V 6O N?0 q'"%> :%C9 ).F>#1
a0: \.; \L:L . 6+'" *0H%O S&,2: HL 5%; %Y: 6@ .&F@ 68?5false     6<+'" P2HL c:H?Q<0L ).<;#O
*71 :%8: ^Y%G .1?;.  

 5%; s#QC#=1 6@ EH?d 6O ).GL %&&05 :H H:.+> .F` #C rC .C#O 6+'" q1.Ofalse   6<+'" 2 L?;
.O#C P#C#K .*> H:%[5 6i&7G E:%O 6+'" cH?V SC: %&} HL  a,#" SC: 6O 6@ )L?;-: �`Vc  (we)#0   6<QmY

*> L?;.  
 LH?>HLcountdown *> *> P#C#K 6+'" 6@ X&F@ aO#7 X&1:?5 *> :%C9 ).O#C    H:.<+> 6<@ X&1:Ln 

*> 2 a0: *G#FQ> r`?@ H#O %G 6+'" U?d HL 6@ X&F&O   *<> %<5  <;     H:.<+> 6<O N#l1:%<0 SC:%O#<FO L?0 
*> X&0H .*71 *Q":H 6O LH:?> *-%O HL L%@ c#n7: :H 6+'" PL?O *G#FQ> P:?5:  

  
def sequence(n):  
  while n != 1:  
    print n,  
    if n%2 == 0:   # n is even  
      n = n/2  
    else:    # n is odd  
      n = n*3+1  

 
 6+'" SC: 5%;n != 1  )a0:   6@ #l1D #5 6+'" SC:%O#FOn  #O %O:%O1 *> 6>:L: )L?;   :%<` .O#C

 :H 6+'" 5%; a,#" SC: 6@false *> .F@.  
 H:.+> 6>#1%O )6+'" E:%8: H#O %G HLn *> -#` *82%- P:?F( 6O :H      L%<Z #<C  29 RA<0 2 .<F@

*> *0H%O :H PD PL?O .C#71 . H:.+> ).;#O  29 %Y:n  %O2  X&B+5*>  cH#n( #O H:.+> .;#O L%Z %Y: 2 L?;
n*3+1 *> SC^_C#8 LL%Y . SC9#}D H:.+> %Y: U#1> E:%O)  'O#<5 6O 6@ *1#>?YHDsequence   \L#Q<0%Z

*> L?; (3 L?O .G:?- cH?V SC: 6O bV#" q,#n1L ).;#O:  
3 10 5 16 8 4 2 1 
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 6@ #l1D 9:n *> "C:^Z: *G#Y 2 "G#@ *G#Y  EH#[;D b&,L (&G ).O#C P.&0H E:%On  H:.+> 6O
1 LH:.1 L?82 )6>#1%O P#C#K #C . yzC2 %CL#+> *-%O E:%On *> )  X&<F@ S&7!5 :H 6>#1%O SQZ#C P#C#K X&1:?5 .

 9: *1:?5 SC9#}D H:.+> %Y: U#1> E:%O2  H:.+> \#_1D ).;#On  6O 6@ *Qg2 #51      E:%<8: H#<O %<G HL ).<0%O
L?O .G:?-  29 6+'" .>#_FG bng U#1> HL L.( 6O 6,#n1L HL 6@ *16 *> )XC.&0H   X&<;#O S:7k> X&1:?5

*> P#C#K 6,#n1L SC: 6@  L%CfK) 6+'" 5%; *F/Cn == 1 *> L?;.(  
{%V *> #CD 6@ a0: PD j,#8 U:�0 )\zC2 %CL#+> 9: %u1    E:%<O 6<>#1%O SC: 6@ X&F@ aO#7 X&1:?5

<3m(  %CL#+>n *> P#C#K ?> SC: 6Q0:?Q1 *B@ P?F@#5 /.O#C.F@ LH #C aO#7 :H %?$.  
  

  !"#$6-1:  >.3(nLines   xd. 5"4-9      /?4$@053. ," ?s( 5" 7-3eR?F" 3?. [qg53. S3H A. ",
*&CB.  

6-3- C)." ,J  

6+'" E#GL%OH#@ 9: *[C U2.8 HL #G \L:L E.FO a0: #G .     HL *O?<- 6<O #<G%5?&A>#@ 6<[1D 9: "&K
XQCH#_, 6@ .1L?O H?nl> NL%> ).1%&Y H:%g e%Q0L Ge?F&0 )# e?F&B@ )#G  6O :H *$#CH 'O:?5 %_CL 2 #G

.FF@ 6n0#o> *Q0L cH?V .P#0D E:%O ]#Q@ H#@ SC: PL%@ %5  .1L?O *1t?d *,2:.8 b>#; *$#CH E#G
SC: %CL#+> 6@    .<1L?O \L%<@ a<0%=Z :H 'O:?5 61?Y .  U2.<8 SQ-#<0      *<> N#<l1: E.<F@ 6<O #<G   2 a<Z%Y

6QB- L?O #k- 9: ?'7> 2 \.FF@.  
 *Qg2"F@:2 9: *[C ).1.; 6FoV LH:2 #G%5?&A>#@ L?O SC: aBT1 E#G :w   a<0: *,#<( S<C: !  #<>

*> U2.8 .&,?5 E:%O #G%5?&A>#@ 9: X&1:?5 X&F@ \L#mQ0: #G .L?O .FG:?- #k- P2.O #=1D S&F)7G. x  *<7@
RK  S&;#> 2 #G%5?&A>#@ )PD 9: ]#B" EH?d 6O ).1.; %&Y:%Z H#&BO #G U2.8 6@ #- \LH 9: #G.1.;  H.  

     \L#mQ<0: *<nC%+5 ]:?<8 r<C PLH2D a0.O E:%O %CL#+> U2:.8 9: #G%5?&A>#@ )U#7(: *-%O HL
*>   *<> \L#mQ<0: jC%+5 L?n=O E:%O *5#n0#o> 9: RA0 2 .FF@  .<FC#71 .    HL *C#<G#k- LH:?<> *<!/O HL

U2.8 a0: 6Q;:L L?82 *5#>.+> E#G . U2.8 #=1D SC%5H?=i>w b<QFC: N?&QFK x   6<@ a<0: \L?<O   E:%<O
a0: \.; \L#mQ0: EH#i(: X&B+5 N#l1:.  
PD *7QCH#_, U2.8 rC  6`%Y: P#F`     HL *O?<- U#<1> 9?<FG #>: )aB&1 .&m> L?O 6Q;fY HL 6@

a0: H:%[5 =on> .6,#n1L %C9 q>#1%O *82%-    L:.<(: PD XQCH#<_, 2 ;` a70 HL *1?Q0 HL %CL#+> 9: E:
*> a0:H a70 HL %_CL *1?Q0 HL .;#O:  

x = 1.0  
while x < 10.0:  
  print x, '\t', math.log(x)  
  x = x + 1.0  

 qQ;H'\t'  %Q@:H#@ rCtab *> P#i1 :H .GL.  
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6Q;H 2 #G%Q@:H#@ 6@ *,#" HL *> \L:L P#i1 "C#71 qomV E2H #G   6<O *&%>#1 %_1#i1 rC ).1?;
 N#1?(m& (I# *> 9Ti> :H aZH .G:?- #l1D 6O E./O %Q@:H#@ 6@ *C#8 GLH   *<> 6<_1 2 .F@ LH:L .  9: .</O

 H?Q0Lprint *> ./O %k0 E:.QO: 6O U?7/> H?d 6O #71 P#[> H L2.  
 %Q@:H#@tab P#[>  rC 6O *Qg2 #5 :H #71tab stop  *<> a@%" a0:H a70 6O ).0%O  .<GL .
tab stop P#[> 6@ a0: *1#[> *> 3g?5 #l1D HL #71 .F@ . %Q@:H#@tab P?Q0 SQ-#0 E:%O   9: *C#<G

k-a0: .&m> H#&BO *FQ> 5? .P#7G *> \.G#i> bng q>#1%O *82%- HL 6@ H?d L?;:  
  

1.0  0.0  
2.0  0.69314718056  
3.0  1.09861228867  
4.0  1.38629436112  
5.0  1.60943791243  
6.0  1.79175946923  
7.0  1.94591014906  
8.0  2.07944154168  
9.0  2.19722457734  

 
CL#+> SC: %Y:*> %u1 6O j&l( )%        'O#<5 6<@ .&<;#O 6Q<;:L %d#<- 6<O ).F0Hlog   E#<Fn> 9:e 

*> \L#mQ0: .F@ .P:?5 6@ #l1D 9:  E#G2 *> j'}: #> ).F7=> H#&BO %5?&A>#@ X'( HL XQCH#_, X&G:?-   :H #<G
 E#Fn> HL2 6O XCH2D a0L .*> H#@ SC: E:%O X&F@ \L#mQ0: %C9 U?>%Z 9: X&1:?5:  
  

  
6O *82%- H?Q0L %&&05 #O cH?V:  

  
print x, '\t', math.log(x)/math.log(2.0)  

 
*> bV#" %C9 ql&Q1 L?;:  

 
1.0   0.0  
2.0   1.0  
3.0   1.58496250072  
4.0   2.0  
5.0   2.32192809489  
6.0   2.58496250072  
7.0   2.80735492206  
8.0   3.0  
9.0   3.16992500144  
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*>  6@ X&F&nO X&1:?51 )2  )4  28 P:?5  E#G2  E#Fn> HL L:.(: SC: XQCH#_, :%C9 ).FQBG2  L:.(:
\.; L%Y 2 b>#@ *> E: .F;#O .  
*> %Y: P:?5 %_CL XQCH#_, X&Q0:?-  E#G2 *> )X&F@ :.&K :H    6<O :H 6<>#1%O X&Q<B1:?5     b[<; S<C:

X&BC?FO:  
 

x = 1.0  
while x < 100.0:  
  print x, '\t', math.log(x)/math.log(2.0)  
  x = x * 2.0  

 
 #O :H EH:.+> H#O %G )6+'" P#&> HL 6[FC: E#8 6O U#"x       :H *O#<B" q<,#n1L r<C 2 X&<F@ '<78

 )XC%&_O 6l&Q1x *> ]%$ EH:.+> HL :H 6O :H *0.FG q,#n1L rC 2 X&F@ *> a0L XCH2D.  
a0: cH?V SC.O 6l&Q1:  

1.0   0.0  
2.0   1.0  
4.0   2.0  
8.0   3.0  
16.0   4.0  
32.0   5.0  
64.0   6.0  

 
6O  E#G%Q@:H#@ L?82 qk0:2tab P?Q0 P#&> P?Q0 N2L P#[> )#G   P?Q<0 S&,2: N#gH: L:./5 6O #G

LH:.1 *d#n5H: .       S&<ppTQ> E:%<O *<,2 .F<;#O 6Q<;:.1 *1:.<F` yL#mQ0: a0: S[7> *7QCH#_, U2:.8
A>#@P:?5 SQB1:L %5?&  E#G2 a0: EH2%$.  

  
  !"#$6-2: M"@( G/H_ ; AB *&CB  !c" S,@f ", A+30 . #$"  S3O2  3(65536 )216 (*n3. .

*$,3z4.  f3; A. _ *&CB K3L ", MX.  
  

 P2H:2 ^&7> %Q@:H#@)\ ( HL'\t'  rC E:.QO:-E!)A% !)%03(% *> "C#71 :H .GL . E#G%Q@:H#@
:L P#i1 E:%O *,%QF@ b1> *&%>#1 E#G%Q@:H#@ PLtab  %Q@:H#@ 2787J s>  6<O   *<> H#<@  L2H)  %Q@:H#<@

 *,%QF@'\n' *> \L#mQ0: .C.8  - "C#71 E:%O L?;.(  
*> *,%QF@ %Q@:H#@ rC   L?<; \L:L "C#<71 6Q;H rC E#8 %G HL .1:?5 .    %Q@:H#<@ |?<Z U#<1> HL

 *,%QF@tab #1 %Q@:H#@ #=F5 *> 6Q;H P2HL *&%> .;#O.  
*> %[Z *> 61?_` .&F@  %Q@:H#@ rC P:?5'\' /L:L "C#71 6Q;H rC HL :H  
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  !"#$6-3: %Rn, p$  *CB *&r@( ",  $5 /H_ ; AB *&4$@C. *]"_:  
  

Python  
 is a 
  programming language. 

  

6-4- H./8 )G C)F."  

P?Q0 2 %k0 'd#+5 9: :H %CL#+> #7; 6@ a0: *,2.8 )E./O 2L U2.8 rC *> PD E#G :?- .<&1 .
a0: *O?- U#1> ]%$ U2.8 rC :H .*> .&F@ 3%Z    %CL#<+> E:%<O *O%$ U2.8 .&G:?-1   #<56   -#<`

.&F@.  
6+'" SQ;?1 )%2%; E:%O *O?- \:H ]%!> 6@ a0: E:  E#G2      <- r<C HL )L:.<(: SC: E:%O :H

.F@ -#`:  
i = 1  
while i <= 6:  
  print 2*i, ' ',  
  i = i + 1  
print  
 

 #O  - S&,2:6O E%&0Q>  N#1i *> 9#}D 6O 6@ L?;  #C 2 \.1H#7; P:?F( H`Vc !Dh)&*> b7(  .<F@ .
P#F)7G *> :%8: 6+'" 6@  )L?;print  H:.+> 6+'" P#&>2*i *> "C#71 :H     *,#<- E#<!Z 6<0 2 .GL

*> H:%g PD 9: RK .GL . H?Q0L E#>#@ XG 9#Oprint P#[> SQZH 9: *> E%&Y?'8 .C.8  - 6O #71 .F@ .
 ./O H?Q0L S&>2L ).; b>#@ 6+'" 6[FC: 9:print *> 9#}D :H .C.8  - rC .F@.  

6O 6>#1%O *82%- a0: %C9 cH?V:  
2 4 6 8 10 12  

  

6O H#@ #lFC: #5 a0: 6QZ%Y N#l1: *O?- . ./O N#YH)g:  27A: 2 lDIaGa0:.  

6-5-  <?8 i&!/$ ) H.L8  

6QBO P#=FK .FC:%Z )E.FO 6/kg E9#0  6>#1%O .@ 9: E:       \9#<8: #7<; 6<O 6<@ a<0: 'O#<5 rC P2HL
*>    .<C%&_O \%<=O '<O:?5 E#C:^> N#75 9: .GL .   6<O #<5 #7<;     6Q<BO yH#<OHL U#<1> 2L U#<"   \.<CL E.<FO  .<C: :

printParity  "TO HL4-5  2isDivisible  "TO HL5-4 .  
]%!> -#` .F1#> *YzC2 rC PL%@ 9Ti> *F/C )X&7/5  E#G2  -#` .F1#> PD SQ-#0 *'@ 2

G ]%!>2&oV L.( %.  
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6QBO :H bng q+'" 'O#5 SC: *> E.FO  ]%!> -#` E:%O 2 .F@n *> X&7/5 .GL:  
def printMultiples(n):  
  i = 1  
  while i <= 6:  
    print n*i, '\t',  
    i = i + 1  
  print  

 
6QBO E:%O *> N#l1: .C#O 6@ EH#@ N#75 )E.FO  >#<1 6@ L?O U2:  - PL%@ 6Z#$: XCL:L  E:%<O :H *

*> PJ(: #G%Q>:H#K aB&, 2 'O#5 L%@ .    SC^_C#<8 )X&<GL N#<l1: XCL?O H?nl> 6@ EH#@ q7G )X&7/5 E:%O
 H:.+> PL%@2  %Q>:H#K #On L?O.  

 P#>?YHD #O :H 'O#5 SC: #> %Y:2 *> 6l&Q1 :H bng *82%- P#7G )X&1^O :.V   #<O :H PD %Y: 2 XC%&Y
 P#>?YHD3 6O *82%- X&1^O :.V H?VL?O .G:?- %C9 c:  
  

3 6 9 12 15 18  
  

 P#>?YHD #O4 6O *82%- a0: %C9 cH?V:  
  

4 8 12 16 20 24 
  

*> P#>9 SC: HL  .&F@ -#` :H U2.8 rC 61?_` 6@ .&1^O e." .&1:?5      *1:?<-:%Z q'&<02 6<O
 'O#5 H%[>printMultiples P#>?YHD #O   c2#<mQ> E#G    *<> a<+&+" HL     E%<_CL q<+'" 9: X&1:?<5

mQ0:X&F@ \L#:  
i = 1  
while i <= 6:  
  printMultiples(i)  
  i = i + 1  

 
 'O#5 *'-:L q+'" #O 6+'" SC: aG#n; 6OprintMultiples .&F@ agL .   6<@ :H EH#<@ N#75

 H?Q0L PL%@ SC^_C#8 XCL:L N#l1:print L?O 'O#5 *1:?-:%Z rC #O.  
a0: ]%$ U2.8 rC 6>#1%O SC: *82%-:  

  
1 2 3 4 5 6 
2 4 6 8 10 12 
3 6 9 12 15 18 
4 8 12 16 20 24 
5 10 15 20 25 30  
6 12 18 24 30 36 
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6-6-  <?8 j= #Y=G H.L8  

6QBO rC 6[FC: E:%O  "TO %-D .@ .&C#&O X&GL P#i1 \H#O2L :H E.FO6-5    r<C HL 2 XC%<&_O :H
X&1#;?AO 'O#5:  

def printMultTable():  
  i = 1  
  while i <= 6:  
    printMultiples(i)  
    i = i + 1  

  

 rC ).FC:%Z SC:�a5@G T!U a0: FC:H .6O :H E.@ #>      P2%<&O .<@ \#<5?@ 5?<k- SQ;?1 q'&02
*> L#lC: %Bm> HL #=1D PL%@ ;C#5 #C 'O#5 X&F@ .      *<> H#<@ 6<>#1%O XC.<CL 6<@ *<Qg2     H#<- :H PD ).<F@

*> 6QBO 'O#5 rC HL 2 X&F@ *> E.FO X&C#71.  
6O %2%; *Qg2 6>#1%O *> *BC?1 *71 %Y: ).&F@    S<C: ).<&F@ X&B+5 'O:?5 HL :H 6>#1%O 61?_` .&1:L

6O 6/0?5 6%d \zC2 H?d a0: .&m> E: .*> \9#8: #7; 6O *i>  - SC: P#7G .GL *> "&K 6@ H?d  ).C2H
.&F@ *":%d :H b7( SC:.  

6-7- *4I7 H,J#&V<7  

  *<> 6<1?_` 6@ .&;#O \L%@ jl/5 .C#;   %<&0Q> X&1:?<5    P?<)7G *=O#<i>i    'O#<5 2L %<G HL :H
printMultiples  2printMultTable X&F@ \L#mQ0: .    H:.<+> )'<O:?5 9: *<[C 6@ *>#_FG #CD

*> %&&05 :H %&0Q> *71 L#lC: *'[i> ).GL L?;/  
   :%<C9 )a<0: *mF> @0#KI  HLprintMultiples  2I  HLprintMultTable   P#<B[C

.FQB&1 .P2HL \.; L#lC: E#G%&0Q> *71 #7; 2 .FQBG *'o> )'O#5 rC   EP2%<&O 9: *'o> %&0Q> 6O .&1:?5
.&;#O 6Q;:L *0%Q0L 'O#5  &o> .N#1 #O %&0Q> SC.F` 6@ .CH#QT> *F/C     6<O .&<;#O 6Q<;:L 6O#i> E#G

.F;#n1 'O#5 rC P2HL #=1D 6@ *d%;.  
*> P#i1 6>#1%O SC: E:%O 6QiK H:L?71  N#1 #O %&0Q> 2L 6@ .GLi  <G%&0Q> )  .FQ<B&1 *1#<B[C E# .

*> #=1D LH:.1 E%&745 E%_CL HL #=1D 9: *[C %&&05 2 .FF@ \H#;: *52#mQ> %CL#+> 6O .F1:?5.  

  1 
2 
3 

i 

  

 b[;6-2  

i 
printMultiples 

printMultTable 

1 
2 3 n 
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 H:.+>i  HLprintMultTable  9:1   a7<0 6O6  *<> L2H .      P#<>9 #<5 |#<m5: S<C: H:L?<71 HL
 6O P.&0H3 a0: \L:L >H .   PD H:.<+> 6<+'" E./O E:%8: HL4   L?<O .<G:?- .   HL H#<O %<G   6<+'" U?<d

printMultTable  'O#5printMultiples     EH#<8 H:.<+> #<O :Hi  6<O )     P#<>?YHD r<C P:?<F(
*> *1:?-:%Z .F@ . %Q>:H#K 6O H:.+> PDn *> ]#BQ1: .O#C.  

 'O#5 P2HLprintMultiples  H:.+>i  9:1  {%d 6O6  *<> L2H .     #<5 |#<m5: S<C: H:L?<71 HL
   L.<<( 6<<O P.&<<0H2 a<<0: \L:L >H .  S<<C: %<<&&05    H:.<<+> E2H E%&74<<5 (&<<G %<<&0Q>i  'O#<<5 HL

printMultTable LH:.1.  
N#1 #O 3'QT> *'o> E#G%&0Q> SQ;:L    a<0: F<C:H 2 *1?1#<g sJ>#@ E%>: P#B[C E#G .  s#<V?pT>

N#1  .F1#> *C#Gi  2j *> \L#mQ0:  6+'" E#G%&0Q> P:?F( 6O H:%[5 E:%O 6@ .1?;.  
6O 9: #7; %Y:  'O#5 rC HL #=1D PL%O H#@   \L#mQ<0: E%<_CL E#8 HL 6[FC: %d#- 6O  +Z .C^&G%AO

\L%@ .C9#0 H:?;L P.1:?- ?#o, 9: :H 6>#1%O .@ a0: S[7> ).C:.  

6-8- #Y=G i&!/$ j=  

6>#1%O .&F@ 3%Z X&7/5 E:%O E%_CL U#1> P:?F( 6O *> E:     %<G HL :H *O%<$ U2.<8 6@ .&G:?-
 "; HL "; U2.8 rC  +Z 61 ).F@ -#` \:?T,L y9:.1::H.  

*> #7;  6O E%Q>:H#K .&QB1:?5printMultTable .&F@ 6Z#$::  
  

def printMultTable(high):  
  i = 1  
  while i <= high:  
    printMultiples(i)  
    i = i + 1  

 
 H:.+> #>6  %&0Q> #O :Hhigh XCL?71 SC^_C#8 . %Y: U#"printMultTable   H:.<+> #O :H7 

 U2.8 )X&F@ *1:?-:%Za;:L X&G:?- :H %C9:  
  

1 2 3 4 5 6  
2 4 6 8 10 12  
3 6 9 12 15 18  
4 8 12 16 20 24  
5 10 15 20 25 30  
6 12 18 24 30 36  
7 14 21 28 35 42  
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 'O%> cH?V 6O *,2.8 X&G:?TO 6[FC: %_> )a0: ]?- SC:     6O#<i> P?Q<0 2 %k<0 L:.</5 #O- 
X&;#O 6Q;:L .E%_CL %Q>:H#K #> H#@ SC: E:%O  6O :HprintMultiples *> 6Z#$:    9T<i> #<5 X&C#71

X&;#O 6Q;:L .C#O P?Q0 .F` U2.8 HL X&F@.  
 :H 'O#5 SC: #> )aFk&; E:%O  +Zhigh  *<>        *<> 3<'QT> '<O:?5 X&<F@ a<O#7 #<5 X&>#<1   .<F1:?5

 .F;#O 6Q;:L P#B[C N#1 #O *C#G%Q>:H#K) *<'o> E#G%&0Q> .F1#> a0HL .(    H 6<>#1%O b<>#@ .<@ #<lFC: HL :
*> X&F&O:  

def printMultiples(n, high):  
  i = 1  
  while i <= high:  
    print n*i, '\t',  
    i = i + 1  
  print  
 
def printMultTable(high):  
  i = 1  
  while i <= high:  
    printMultiples(i, high)  
    i = i + 1  

 
 .C.8 %Q>:H#K rC #> *Qg2 6@ .&F@ 68?5*> 6Z#$: :H  'O#5  - S&,2: .C#O X&F@) 'O#<5 P:?F( ( :H

   *<<> *1:?<<-:%Z 'O#<<5 6<<@ *1#<<[> HL :H 6<<>#1%O .<<@ .<<C#O S&<<F)7G 2 X&<<GL %<<&&05  L?<<;) b<<-:L HL
printMultTable (X&GL %&&05.  

P#7G 'O%> U2.8 rC 6>#1%O SC: X&Q;:L H#uQ1: 6@ H?d *> .&,?5 amG HL amG b[; .F@:  
  

1 2 3 4 5 6 7  
2 4 6 8 10 12 14  
3 6 9 12 15 18 21  
4 8 12 16 20 24 28  
5 10 15 20 25 30 35  
6 12 18 24 30 36 42  
7 14 21 28 35 42 49  

 
6O :H */O#5 *Qg2 *> X&7/5 j0#F> H?d  6<>#1%O ).&GL   6<O 6<@ E:   *<> a<0L    E:H:L j<'}: ).<CH2D

*C#1:?5 .CL?O \L%[1 *":%d bng 9: 6@ a0: *C#G .71 E:%O*> #7; 61?     P?<` ).&<;#O \L%<@ 68?5 aBC#O
ab=ba q7G )  \.; \L:L P#i1 H#O 2L U2.8 HL NJg: .1: .*> RK 6O .&QB1:?5    9: *<7&1 #<=F5 -#` q'&02

 .&F@ \%&-* :H L?- %G?8 q&+O U2.8!  
 'O#5 U2:  - a0: *Z#@ H#@ SC: E:%OprintMultiples .&GL %&&05 :H.  
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  %<<&&05 #<<O R<<KprintMultiples(i,ahigh)  6<<OprintMultiples(i,ai) 
a;:L .&G:?-:  

 
1  
2 4  
3 6 9  
4 8 12 16  
5 10 15 20 25  
6 12 18 24 30 36  
7 14 21 28 35 42 49  

 

  !"#$6-4:  5" Ad40 #$" S" H"printMultTable   A?0@iL AB *&.3$,- 3( *&CB /.3$-, ",
/+ ,3B *CB.  

6-9- [8F;$  

 6O H#O .F` P?F@#5AS0#o> 'O:?5 9: \L#mQ0: BXCL%@ \H#;: .  s#<+&gL #=1D 6[FC: LH?> HL #7; .C#;
.&;#O \L%@ %[Z ).FQBG *C#G^&` 6` .a0: \.; \LH2D #lFC: HL #=1D 9: EL:./5:  

  
• 6,#n1L 6O N#1 PL:L  6<>#1%O )c:H?Q0L 9: E:     U#[<;: 2 P.<1:?- E:%<O :H P#<5   \L#<0 *<C:L9   %<5

*> L9#0.  
• t?d q>#1%O rC PL%@ a7Bg     *<> P#<[>: #7<; 6<O L.</Q> 'O:?5 HL *1   a7<Bg .<GL   E#<G

6O :H 6>#1%O q1#Y:.8 U#[;: :^l> H?d       X<G #<O b<>#@ q<>#1%O r<C HL :H #=1D RA0 2 .&F@ *C:L9
.&F@ j&@%5.  

• *> P#0D :H H:%[5 2 aiY9#O 'O:?5 .19#0.  
• \.; *":%d ]?- 6@ */O:?5 6>#1%O 9: EL#C9 L:./5 E:%O .1: .1.&m> #G . H#O rC  :H */O#<5 6@

U#[;: 2 .&BC?FO *> ).&F@ *C:L9 .&F@ \L#mQ0: PD 9: 9#O .&1:?5.  

6-10- STF)  7,6  

multiple assignment )H#(97AL '(g)#0(  
anB1 6>#1%O E:%8: U?d HL P#B[C E%&0Q> 6O H#O rC 9: "&O *GL.  
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iteration )30!mG(  
6(?7l> E:%8: PL%@ H:%[5  \.; \L#mQ0: c:H?Q0L 9: E:6+'" rC #C 2 *QiY9#O 'O#5 rC HL.  

loop )H`Vc(  
6(?7l> #C H?Q0L 6O 6@ *Qg2 #5 .1?; :%8: s:H%[> 6@ c:H?Q0L 9: E:      6<+'" P#<C#K 5%<; q'&<02

.1L%Y 3g?Q>.  

infinite loop )-: �`Vc (e)#0(  
6+'" (&G PD *1#C#K 5%; 6@ E: *71 H:%g%O \#Y L?;.  

tab   
P#[> 6@ \zC2 %Q@:H#@ rC H #71*> U#+Q1: E./O 3g?5 bo> 6O EH#8  - HL : .GL.  

cursor )?(m& (I#(  
*> E./O %Q@:H#@ 6@ :H *C#8 GLH 6@ *&%>#1 %_1#i1 rC *> 6_1 )L?; -#` .G:?- LH:L.  

escape sequence )-E!)A% !)%03(%(  
 %Q@:H#@ rC $ /% 6O 6@   %Q@:H#<@ r<C PL%@ 9Ti> E:%O -#` bO#g %Q@:H#@ .F` #C rC q'&02 

a0: \.; U#n1L -#` bO#g%&}. 

newline )787J s>(  
P#[> 6@ \zC2 %Q@:H#@ rC *> U#+Q1: ./O  - E:.QO: 6O :H #71 .GL.  

loop variable )H`Vc !Dh)&(  
6+'" rC P#C#K 5%; a7Bg HL \.; \L#mQ0: %&0Q>.  

encapsulate )H)g: 27A:(  
.F1#> *5#/kg P2HL \.&)&K 2 hH^O q>#1%O rC PL%@ a7Bg    9: c#</kg PD PL%<@ :^l> 2 'O#5

 %_C.[C)6O sJ1> *'o> E#G%&0Q> 9: \L#mQ0: q'&02.(  
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generalize )lDIaG(  
 9Ti> EH2%$%&} ^&` %G PL%@ SC^_C#8)aO#7 H:.+> rC .F1#> (     *<'@ j<0#F> ^<&` %<G #O

)%Q>:H#K rC #C %&0Q> rC .F1#> .(    L.<l> \L#mQ<0: E:%<O #<1:?5 )P:2H :H 6>#1%O .@ )X&7/5    *G#<Y *<Q" 2
P#0D c#g2: *> SQ;?1 E:%O %5 L9#0.  

development plan )Ha5@G T!U(  
6>#1%O rC PL:L 6/0?5 E:%O E.FCD%Z .  q/<0?5 6O 6@ L?O S&F` SC: #> q/0?5 6%d bpZ SC: HL

6QBO RA0 2 W#- 2 \L#0 E#G^&` E:%O *C#G.@ X&Q-:L%K X&7/5 2 E.FO.  





%@J, 'D  

   

 

 

l)Q. XWN  
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bpZ HL Y E#G\L:L %:?1: U?o5 2 %&&05 #O 6l&Q1 HL 2 #G%&0Q> ]#BQ1: #O )6Q;f   2 .C.<; #F;D E:
6O 9Ti> c:H?Q0L H:%[5 E:%O :H *;2H S&F)7G .CL%O H#@ .\L:L %:?1:   b<pZ HL \.<; \L#mQ0: E:   E#<G

.1L?O I.1: H#&BO %&-: .\L:L %?1 .F` #O \.FCD bpZ .F` HL *> #F;D .C.8 E:  <BO L%OH#@ 6@ .C?; EH#&
*> "C:^Z: P#QC#GH#@ N#l1: HL :H #7; E.F71:?5 2 .1H:L .FGL.  

\L:L %:?1: SC: #O *C#F;D %O \2J( *> EH:%[5 U#7(: N#l1: E:%O E.C.8 v2H )E: .C9?>D .   S<C: #<O
\#5?@ HL #7; *C#1:?5 2 6>#1%O *C#1:?- )v2H *> "C:^Z: ^&1 6>#1%O E9#0 .O#C.  

7-1- SGFG U;6 ZW#7 HF  

?F@#<<5\L:L %?<<1 6<<0 P \.<<CL E: X<<C: :int  )float  2string ) 2 EH#<<i(: )2&o<<V L:.<<(:
6Q;H #G .(6Q;H r`?@ c#/kg 9: #=1D :%C9 .F52#mQ> %_CL %?1 2L #O *m&@ ?#o, 9: #G    %Q@:H#<@ N#<1 6O E%5

\.; 6Q-#0 .1:.  
\L:L %:?1: a7Bg 9: 6@ E: r`?@ E#G \.; b&[i5 %5  ).1:]101 |@# ~%!& 20 &>#1 *<> \.  .1?<; .

*> N#l1: 6@ *'7( 6O 6QBO \L:L %?1 a0: S[7> X&GL \L:L P:?F( 6O :H j@%> E:  #C X&F@ *+'5 .":2 E:
X&;#O 6Q;:L *0%Q0L PD E:^8: 6O X&G:?TO 6[FC: .a0: .&m> *_1#Y2L SC:.  

*> ]#TQ1: 6Q;H rC 9: :H .":2 %Q@:H#@ rC a@:%O %_'7( .F@:  
 

>>> fruit = "banana"  
>>> letter = fruit[1]  
>>> print letter  

 
   cH#n(fruit[1]  yH#7; %Q@:H#@1  9: :Hfruit  *<> ]#TQ1:  .<F@ .  %<&0Q>letter   6<O

*> \H#;: 6l&Q1 .F@ . *Qg2letter *> "C#71 :H *> %&_'Z#} X&GL XC?;:  
a 

 
   U2: {%""banana" )'a'      .&<;#O %5?&A>#<@ 9<pTQ> r<C #7<; 6[FC: %_> )aB&1 .  6<O

L*> %2%; %mV 9: :H vH#7; \H:?7G %5?&A>#@ S&ppTQ> *'Ct  .<FF@ .   {%<" S&>%m<V"banana" )
'b'  {%" S&7[C )a0:'a'  {%" S&>2L 2'n'.  

*> :H 6Q;H rC {%" S&>%mV %Y:  L.( #=F5 ).&G:?-0   H:.<+> #O cH#n( %G #C 20   a<@:%O HL :H
.&GL H:%g:  
  

>>> letter = fruit[0]  
>>> print letter  
b  
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  a@:%O b-:L cH#n(  r87#0*> \.&>#1 L?; .       :H j<5%> q<(?7l> r<C 9: E?<!( RC.<1: r<C
*> 9Ti>    a<0: %<u1 LH?<> 6Q;H P2HL E#G%Q@:H#@ q(?7l> U#1> SC: HL 6@ .F@ .   9T<i> RC.<1:

*> \L%@ ]#TQ1: :H %Q@:H#@ N:.@ #7; 6@ .F@ *> 2 .C: .;#O *o&oV cH#n( %G .1:?5.  

7-2-  <EO C;Q  

  O#5 'len *>%O :H 6Q;H rC E#G%Q@:H#@ L:./5 .1:L%Y: 
>>> fruit = "banana"  
>>> len(fruit)  
6  

  

60?02 *'7( S&F` "C#>9D a0: S[7> 6Q;H rC {%" SC%-D SQZ%Y E:%O .;#O ^&_1::  
  

length = len(fruit)  
last = fruit[length]   # ERROR!  

 
  *71 H#@ .@ SC: : P#>9 E#k- j8?> 2 .F@*> %C9 E:%8 L?;:  
  

IndexError: string index out of range 

 
       qQ<;H HL X<i; {%<" L?<82 N.( #k- SC: 92%O a'("banana"  a<0: .    #<> 6<@ #<l1D 9:

\L%@ 9#}D %mV 9: :H vH#7;  9: 6Q;H SC: {%" "; )XC:0  #55 \H#7; \.; EH:fY .1: . SQZ%Y H?uF> 6O
 9: .":2 rC XCH?nl> %Q@:H#@ SC%-Dlength X&F@ X@:  

  
length = len(fruit)  
last = fruit[length-1]  

 
  *> #> 6@ a0: SC: %_CL v2H RC.1: 9: X&1:?5   6Q<;H E#=Q1: 9: :H vH#7; b7( 6@ *mF> E#G
*> N#l1: X&F@ \L#mQ0: ).FGL . cH#n(fruit[-1]    *<> 9#<O :H {%<" SC%-D   ).<1:L%Yfruit[-2] 

 2 %-D 9: {%" S&>2L… .  

7-3- > f+42 ) g=,!&for  

       a<0: :.<8:.8 cH?<V 6<O 6Q<;H rC E#G%Q@:H#@ v9:L%K b>#; c#n0#o> 9: EH#&BO .  S<C:
*> 9#}D 6Q;H E:.QO: 9: c#n0#o> *[C :H #G%Q@:H#@ ).1?; *> ]#TQ1: j&5%5 6O 2 *[C   E2H *<'7( ).FF@
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*> N#l1: PD *> 6>:L: 6Q;H E#=Q1: #5 :H H#@ SC: 2 .FGL .FGL .K E?_,: SC: :H v9:L%*8(ID, *> .FC?Y .
\:H 9: *[C \L#&K E#G  H?Q0L rC 9: \L#mQ0: "C#7&K E9#0while a0::  
 

index = 0  
while index < len(fruit): 
  letter = fruit[index] 
  print letter 
  index = index + 1  

 
*> :H 6Q;H U?d 6+'" SC: *> "C#71  - rC HL :H PD {%" %G 2 .C#7&K .GL .  6<O 6+'" 5%;

 cH?Vindex < len(fruit) *>  \#Y%G SC:%O#FO ).;#Oindex    5%<; ).<; 6Q;H U?d #O %O:%O
false *> *71 :%8: %_CL 6+'" q1.O 2 L?; LL%Y .    RC.<1: #<O E%Q@:H#<@ *0%Q0L bO#g RC.1: SC%-D

len(fruit)-1 *> 6Q;H P2HL %Q@:H#@ SC%-D 6@ a0: .;#O.  
  

  !"#$7-1: $@C. /=.3(ARn, AB *&4  ,- 3'R0" 5" ", MX " ]  O _ - &i. M3+@g,X M"@C2 A. ", S"
*CB K3L I;  O.  

 
  6(?7l> "C#7&K a=8 RC.1: rC 9: \L#mQ0:   \:H P?QC#<K 6@ a0: FC:H E." 6O %CL#+> 9: E:

\L#0 vH#_1 y?o1 #O :H E%_CL a0: \.CL IH:.5 %5:  
  

for char in fruit: 
  print char 

 
H#O %G HL  %&0Q> 6O 6Q;H E./O %Q@:H#@ )6+'" E:%8:char *> \L:L W#pQ-:    #<5 6<+'" 2 L?;

*> 6>:L: .;#O \.1#71 *g#O E%Q@:H#@ (&G 6@ *1#>9 .O#C.  
*> P#i1 %C9 U#1> *> 61?_` 6@ .GL 6(?7l> .&,?5 a=8 P:?5  j5%> E#G-    {2%<" e#<0: %<O

#nm,:-  q+'" rC 9:for L%@ \L#mQ0: |#o,: b7( 2 .:%O ]#Q@ HL 61?71 Ewr> c%O:H *[0?'@ xP:?F( #O 
#A???H@H A???. ", 7", $-," 7*???. M3???q0 3???O%6<<<8?8 N#<<<1 ) ILH:  #<<<GJack )Kack )Lack )Mack )

Nack)Ouacka )Pack  2Quack *> .;#O .*> -#` j&5%5 6O :H *>#0: 6+'" SC: .F@:  
  

prefixes = "JKLMNOPQ"  
suffix = "ack"  
 
for letter in prefixes:  
  print letter + suffix  
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  a0: cH?V SC: 6O 6>#1%O *82%-:  
Jack  
Kack  
Lack  
Mack  
Nack  
Oack  
Pack  
Qack  

 
   :%C9 .FQB&1 a0HL XG sJ>#@ *>#0: SC: 6Qn,:"Ouack"  2"Quack"      6<O *<CJ>:  <'} #<O
6QZH H#@ .1:.  

  

  !"#$7-2:  f . P3sn" #$" AB *&O-  &&\( S,@f ", A+30 .-@n ".  

7-4- k#8  <EO H,J  

  6/kg   :H 6Q;H rC 9: E:f!: *> .F>#1 .a0: %Q@:H#@ rC ]#TQ1: 6O 6&n; v%O rC ]#TQ1::  
 

>>> s = "Peter, Paul, and Mary"  
>>> print s[0:5]  
Peter  
>>> print s[7:11]  
Paul  
>>> print s[17:21]  
Mary  

 
   %_'7([n:m]  9: :H 6Q;H rC 9: *Q7Bg%Q@:H#@n  %Q@:H#@ #5 N:m *>%O N:    L?<- 6<@ .1:L%Y

n *> b>#; XG :H %Q@:H#@ S&>: #>: L?;m  aB&1 PD ~^8 %Q@:H#@ S&>: .a0: EL?=;%&} H#QZH SC: .  %<Y:
RC.1: .&F@ H?p5 *> \H#;: 6Q;H 2L  02 6O #G *> E%Qi&O y.C: .FF@ .C%&Y . b[; 6O7-1 .&F@ 68?5:  

 U2: RC.1: #7; %Y:): bng6k+1 2L 9 (   2 .<; .<G:?- %2%; 6Q;H E:.QO: 9: v%O .&F@ {f" :H
{%V RC.1: S&>2L 9: %Y: aZH .G:?- "&K 6Q;H %-D #5 v%O .&F@ %u1 .e#0: SC: %O:  

fruit     " b a n a n a " 

      index     0   1   2   3   4    5   6  

 b[;7-1  
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>>> fruit = "banana"  
>>> fruit[:3]  
'ban'  
>>> fruit[3:]  
'ana'  

  

*> %[Z  .&F@s[:]  6` 6O/a0: *F/>  

7-5-  <EO f?=,+7 ,J  

7(6BC#+> E#G%_' 6Q;H E2H E: *> b7( ^&1 #G 6Q;H X&F&nO 6[FC: E:%O ).FF@    .<1%O:%O X<G #O #G
61 #C:  

 
if word == "banana": 
  print "Yes, we have no bananas!"  

 
6BC#+> E#G%_'7( %_CL 67'@ PL%@ j5%> a=8 E: .1.&m> *B&'_1: E#nm,: {2%" j&5%5 6O #G:  

  
if word < "banana": 
  print "Your word," + word + ", comes before banana."  
elif word > "banana": 
  print "Your word," + word + ", comes after banana."  
else: 
  print "Yes, we have no bananas!"  

  
       *<> LH?<-%O NL%<> 6<@ 6<1?_1D r<`?@ 2 hH^<O {2%" #O P?QC#K 6@ .&F@ 68?5    H#<QZH ).<FF@

*71 .F@ .*> r`?@ {2%" N#75 9: bng hH^O {2%" N#75 .FCD .6l&Q1 P:?F( 6O:  
  

Your word, Zebra, comes before banana. 

 
a0: W#- a>%Z rC 6O 6Q;H bC.n5 b[i> SC: b" E:%O U?7/> \:H rC . :H {2%" q7G sJ1>

XCH2DHL r`?@ cH?V 6O 6BC#+> N#l1: 9: bng .      6<O 6<@ a<0: S<C: %5H:?<;L b[<i>    X&1#<7=mO 6<>#1%O
\H?Y .FQB&1 \?&> #G%-!  

7-6-  <EO .6#=l>,6#&&V$ ,J  

   %_'7( 9: \L#mQ0:[]        6Q<;H HL %Q@:H#<@ r<C 4C?</5 y^<&_1: #<O ]#BQ1: rC ;` a70 HL
60?02 a0: ^&_1: .61?71 E:%O:  
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greeting = "Hello, world!"  
greeting[0] = 'J'    # ERROR!  
print greeting  

 
   .@ SC:  *<82%- .&,?5 E#8 6Ojello,aworld!    E:%<8: P#<>9 E#<k- )    .<&,?5 :H %<C9

*> .F@:  
TypeError: object doesn't support item assignment. 

 

6Q;H  #G !8!,(#!DDhG*71 #7; 6@ *F/> SC: 6O ).FQBG  .<&GL %&&05 :H L?8?> 6Q;H rC .&1:?5 .
*> 6@ EH#@ SC%Q=O qQ;H SQ-#0 .&GL N#l1: .&1:?5     *'<V: qQ<;H E2H %<&&05 b>#; 6@ a0: E.C.8

a0::  
 

greeting = "Hello, world!"  
newGreeting = 'J' + greeting[1:]  
print newGreeting  
 

  \:H )U#1> SC: HL  qQ;H 9: v%O rC U2: 6O E.C.8 {%" |#o,: b"greeting  a<0: .  S<C:
LH:.1 *'V: qQ;H E2H %O E%&745 (&G b7(.  

7-7-  [8,$ j=find  

  *> 6` %C9 'O#5 /.F@  
def find(str, ch):  
  index = 0  
  while index < len(str):  
    if str[index] == ch: 
      return index  
    index = index + 1  
  return -1  

 
 *'@ H?d 6Ofind  %_'7( R[( %O[] *> b7( .F@ .    %Q@:H#<@ 2 L%<&_O *<BC.1: 6[FC: E#8 6O

 :H %&u1*> :H E%Q@:H#@ ).i[O P2%&O *> :.&K :H PD %?g2 bo> S&,2: RC.1: 2 L%&Y .F@ .  E%Q@:H#<@ %Y:
 'O#5 .i1 :.&K 1 *>9#O :H .1:L%Y.  

 H?Q0L )PD HL #> 6@ a0: *,#1> S&,2: SC:return  *<> 6+'" rC P2HL :H  X&<F&O .   5%<; %<Y:
str[index] == ch 0 c#&'7( 'kg 2  2%- #O 'O#5 ).; H:%g%O*>%O s#/C% LL%Y.  

 2 \.;  H#- 6+'" 9: EL#( H?d 6O 6>#1%O .i1 :.&K 6Q;H HL E%Q@:H#@ %Y: 1 *>%O :H .1:L%Y.  
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 E"C#7&K c#g2: *-%O 6n0#o> E?_,: SC:weurekax3 *> \.&>#1      6<[FC: 4<o> 6<O :%<C9 )L?;
*> X&QZ#C :H U?=l>  X&1^O L#C%Z X&1:?5A:H?G BX&iTO P#C#K :H ?lQB8 2.  

  
"#$  !7-3:   >.3(find     @kR?4H M3?s+ M"@?C2 A. ", /+@F  R+",39 AB *&O-  &&\( S,@f ",

- &i..  

7-8- kO,!E ) g-#A  

   {%" P.; %G#< c#/ZL L:./5 %C9 q>#1%O'a' *> 6Q;H rC HL :H LH#7;:  
  

fruit = "banana"  
count = 0  
for char in fruit:  
  if char == 'a':  
    count = count + 1  
print count  

 

   N#1 6O )6n0#o> 9: E%_CL E?_,: 6>#1%O SC:]7#3(I; *> P#i1 :H .GL .  %m<V 9: %&0Q> vH#7;
*> %2%;  rC 6@ H#O %G 2 L?;'a' *> :.&K *> "C:^Z: ).F@ .O#C .  *<> P#<C#K 6+'" *Qg2    E?<Qo> ).<O#C

 %&0Q>count *> *C#=1 ql&Q1 b>#;  L:./5 P#7G 6@ .;#O'a' a0:.  
  
#$  !"7-4:     <3?0 3?. >.3( p$ ,- ", *B #$"counterLetter  AR?4.    ", MX _ *?&CB S*?C.

/+ -@; S3O R+",39 M"@C2 A. ", " ] p$ _ ARn, p$ >.3( #$" #$" .3C. G*&O- 6&m=( - &g.  
  

  !"#$7-5:      A?F %d?40 5" GAR?n, x$3?m&9 S3H A. AB *&CB /4$@053. /(,@c A. ", >.3( #$"
oEZ >.3( S R+",39 /find *CB 7-3eRF".  

7-9-  C)T,7string  

 U2M#>string 6Q;H 6@ a0: E.&m> 'O:?5 b>#;    *<> EH#[Q<0L cH#<=> #O :H #G  .<FF@ .  b<1>
X&F@ EH#@  &o> LH:2 \L#mQ0: 9: bng :H U2M#> .C#O 6i&7G:  

 
>>> import string  

                         
3- *,#o;?- L#C%Z  
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 U2M#>string  N#1 6O */O#5 b>#;find      *<> H#<@ #<> 'O#<5 .<F1#> 6@ a0:  .<F@ . 6<O   H?<uF>
X&F@ 9Ti> 6k+1 rC SQ;:fY 9: RK :H 'O#5 N#1 RA0 2 U2M#> N#1 .C#O PD *1:?-:%Z:  

  
>>> fruit = "banana"  
>>> index = string.find(fruit, "a")  
>>> print index  
1  

  

U2M#> E#C:^> 9: *[C U#1> SC: *> aO#7 :H #G .F@ .   P#<&> LH?<-%O L#<lC: 9: E%&Y?'8 6O #=1D   N#<1
"&K 'O:?5 %OH#@ 'O:?5 2 6Q-#0-*> r7@ 3C%/5 .FF@ .*> 6k+1 EH:fYL#71 9: \L#mQ0: #O  9Ti> X&1:?5

 'O#5 9: 6TB1 N:.@ 6@ X&F@find a0: %u1LH?>.  
 a+&+" HLstring.find '>#8 a0: #> qTB1 9: %5 .*> 'O#5 SC: 6[FC: U2:     %<O \2J<( .<1:?5
6Q;H %C9 )#G%Q@:H#@ .&K XG :H #G.F@ ::  

 
>>> string.find("banana", "na")  
2  

  

*> XG 6Z#$: N?0 P#>?YHD rC 'O#5 SC: S&F)7G     9T<i> :H ?lQ<B8 %2%<; RC.1: 6@ L%&Y
*> .F@:  

 
>>> string.find("banana", "na", 3)  
4  

  

*> #C \9#O 6@ L%&_O 6Z#$: P#>?YHD 2L .1:?5 RC.1: 9: E: *> 9Ti> ?lQB8 E:%O :H #G .F@:  
  

>>> string.find("bob", "b", 1, 2)  
-1  

  

*> boF> ?lQB8 U#1> SC: HL  {%" :%C9 L?;b  S&O RC.1: y9#O HL1  22 *71 %G#<   L?<;)  #<O
 L?- 6[FC: 6O 68?52 *71 b>#; :H L?;.(  

7-10-  +PQ ,J#<WFO,W H.L8  

  X<gH #<C %Q@:H#@ #C 2 {2%" PL?O hH^O #C r`?@ ?#o, 9: #G%Q@:H#@ "C#>9D  ?<O   j<'}: #<=1D PL
a0: .&m> . U2M#>string aO#7 *> 6&:H: EH#&BO E#G .1.F>L?0 {:.G: SC: 6O P.&0H E:%O 6@ .FGL.  
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 qQ;Hstring.lowercase   6<O r`?@ {2%" :H #=1D XQB&0 6@ a0: *Z2%" N#75 b>#;
*> ]#B" LH2D .6O  *=O#i> 9%dstring.uppercase *> hH^O {2%" N#75 b>#; .;#O .c:H?Q0L 

 .&F@ P#oQ>: :H %C96l&Q1 6` .&F&nO 2 *> E: .C%&Y:  
  

>>> print string.lowercase  
>>> print string.uppercase  
>>> print string.digits  

  

*> #> aO#7 SC: 9: X&1:?5  'O#5 2 #Gfind 6+nd :H #G%Q@:H#@ 2 X&F@ \L#mQ0:   X&C#<71 E.<FO .  E:%<O
  %<Y: U#1>find(lowercase, ch)  <+>  9: %<&} EH:. 1    \#<_1D ).<1:L%Y%O :Hch    {2%<" 9: .<C#O

.;#O r`?@:  
 

def isLower(ch):  
  return string.find(string.lowercase, ch) != -1  

 
*> s#O2#FQ>  %_'7( 9: X&1:?5in *> S&&/5 6@      \%<=O )6<1 #<C L?<82 6Q;H HL %Q@:H#@ PJZ #CD .F@

X&C?8:  
 

def isLower(ch):  
  return ch in string.lowercase  

  

\:H XG 9?FG b" LH:L L?82 *C#G .*> #> 6BC#+> %_'7( 9: X&1:?5 X&F@ \L#mQ0: E::  
  

def isLower(ch):  
  return 'a' <= ch <= 'z'  

 
 %Y:ch  S&Oa  #5z a0: r`?@ {2%" 9: s#7Q" .;#O.  

  
  !"#$7-6: >$ F >.3( 5" Ad40 <"*B AsC$" -,@+ ,- B wb. [F"  (*&C ./+ 3$X  -,@+ ,- *&0"@(

N*&CB wb. S i$-  . /s$ S ( . Yo2  
  
   U2M#> HL E%_CL aO#7string L?; #7; jl/5 j8?> a0: S[7> 6@ \.; 3C%/5:  
  

>>> print string.whitespace 
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 E#G%Q@:H#@2(&N <-E(> P#[> *> #lO#8 E^&` -#` P2.O :H #71  .<FF@ .    *,#<- *C#G#<!Z #<=1D
 E#G%Q@:H#@ P#&>*> L#lC: aCJH bO#g .FF@ . aO#7string.whitespace   E#<G%Q@:H#@ N#75 b>#;

E#!Z  6'78 9: *,#-space  )tab )\t ( .C.8  - 2)\n (*> .;#O.  

7-11- STF)  7,6  

compound data type )]101 |@# ~%!& 20(  
  \L:L %?1 rC -#0 ).FQBG H:.+> L?- 6@ E%V#F( #C ~:^8: 9: %CL#+> PD HL 6@ E:*> 6Q L?;.  
  

index )r87#0(  
 *<> \L#mQ0: j5%> q(?7l> rC 9: E?!( ]#TQ1: a=8 6@ EH:.+> #C %&0Q>     r<C %<&u1 )L?<;

6Q;H rC 9: %Q@:H#@.  

traverse )*8(ID,(  
N:.@ %G E2H %O *=O#i> c#&'7( N#l1: 2 6(?7l> rC %V#F( PL%@ H2%>.  

slice )f!:(  
  \9#O q'&02 6O 6@ 6Q;H rC 9: *Q7Bg : E:RC.1: 9 a0: \.; 9Ti> #G.  

immutable )!8!,(#!DDhG(  
\L:L %?1 *71 PD %V#F( 6@ *n@%> EE: .1%&_O L?- 6O E.C.8 %CL#+> .F1:?5.  

counter )]7#3(I;(  
*> \L#mQ0: E^&` vH#7; a=8 6@ E%&0Q>  %mV 9: st?7/> 2 L?;*> "C:^Z: )\.; %2%; .O#C.  

whitespace )2(&N -E(>(  
<<@ E%Q@:H#<<@ %<<GP#<<[> 6  .<<F@ #<<lO#8 a<<CJH b<<O#g E#<<G%Q@:H#@ -#<<` P2.<<O :H #<<71 . a<<O#7

string.whitespace E#!Z E#G%Q@:H#@ N#75 *> b>#; :H *,#- L?;.  





 .EP 'D  

   

 

 

l)". XWN  
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6Q;H #O 6Q;fY bpZ HL 6O #G    \L:L %?<1 r<C P:?<F(    .C.<; #F<;D j<@%> E: .    %<K b<pZ S<C: HL
\L:L %?1 SC%5L%OH#@ H%O :H P?QC#K E:*> *0 X&F@ .   \L:L %?<1 S<C: 9: \L#mQ<0: r; *O    9: #7<; E:%<O E:

]:f8 a7Bg SC%5 6>#1%O E#G L?O .G:?- *BC?1 .\L:L %?1 SC:  E:MgDE LH:L N#1.  
6(?7l> aB&,    \.<; 9T<i> RC.1: rC q'&02 6O ?!( %G PD HL 6@ a0: j5%> %CL#+> 9: E:

a0: .*> :H aB&, rC 6@ E%CL#+>  ).19#0 <(&B0#C AB!R(   *<> \.<&>#1 aB&,  .1?<; . a<B&,    6&n<; #<G
6Q;H  #G-.FQBG #G%Q@:H#@ 9: *n5%> q(?7l> 6@- *> *> aB&, E#!(: 6@ c2#m5 SC: #O ).F;#O  9: .F1:?5

.F;#O *(?1 %G .aB&, 6Q;H 2 #G  #G-6(?7l> 6&n; 6@ *C#G^&` %_CL 2    *<> H#<QZH j<5%> E#G   .<FF@  
HE(j#1 *> \.&>#1 .1?;.  

8-1- #=G,+7 @?&'  

\L#0 6@ LH:L L?82 \:H SC.F` .C.8 aB&, rC SQ-#0 E:%O   a<B&, )#!(: PL:L H:%g #=1D SC%5
 a@:%O am8 rC P#&> HL)] 2[ (a0::  

  
[10, 20, 30, 40]  
["spam", "bungee", "swallow"]  

 
   a<0: 6Q<;H 6<0 b>#; *QB&, U#1> S&>2L 2 2&oV L.( H#=` 9: b[iQ> *QB&, )U#1> S&,2: .

 N9t.F;#O %?1 rC 9: s#7Q" aB&, rC E#!(: aB&1 .    )EH#<i(: L.<( r<C )6Q;H rC b>#; %C9 aB&,
 2 2&oV L.( rC)E^&_1: am_; H?d 6O (a0: %_CL aB&, rC:  

  
["hello", 2.0, 5, [10, 20]]  

 

 )LH:L H:%g %_CL aB&, P2HL 6@ *QB&,H)N3@G MgDE #C -# 31 MgDE  *<> \.&>#1  L?<;) .  6<O
, SC: 6(?7l>aB& aB&, )#G *> 6QmY ?5 HL ?5 E#G L?;(  
aB&,  \L#<0 \:H P?QC#K :f, ).F,2:.Q> H#&BO .FQBG *,:?Q> 2&oV L:.(: b>#; 6@ *C#G   E:%<O E:

a0: 6Q-#0 XG:%Z #=1D .&,?5:  
  

>>> range(1,5)  
[1, 2, 3, 4]  
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 'O#5range *> P#>?YHD 2L     YHD S&<,2: S&<O 2&o<V L:.<(: q7G b>#; *QB&, 2 L%&Y  2 P#<>?
*> 9#O :H N2L P#>?YHD .1:L%Y . *<> b>#; :H P#>?YHD S&,2: )aB&, SC:      %<O HL :H N2L P#<>?YHD #<>: L?<;

*71 L%&Y .  
 'O#5 9:range *> XG %_CL cH?V 2L 6O L%@ \L#mQ0: P:?5 .   cH?<V PD HL 6<@ )P#>?YHD rC #O

*> %2%; %mV 9: \.; 6Q-#0 DaB&, H:.+> 9: %Q7@ .":2 rC 6O 2 L?; *> 675#- P#>?YHD .O#C:  
 

>>> range(10)  
[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]  

 
     9T<i> :H *,:?<Q> %CL#<+> P#<&> {JQ-: P#>?YHD SC: ).;#O 6Q;:L L?82 *>?0 P#>?YHD %Y:

*> *> \.&>#1 N#Y y9:.1: 6@ .F@ L?; . 9: U#1> SC:1  #510  N#Y #O :H2 *> LH#7;:  
  

>>> range(1, 10, 2)  
[1, 3, 5, 7, 9]  

 
\zC2 aB&, 6[FC: N#l1:%0 2 aB&1 E%pF( (&G b>#; 6@ LH:L L?82 E: .   )a<B&, S<C:w  a<B&,

*=5x *> \.&>#1 6O 2 L?;  q'&02[] *> 9Ti> L?;.  
\:H *>#75 %O \2J( aB&, %CL#+> XCHL#g LH:L L?82 aB&, SQ-#0 E:%O 6@ *C#G  #G%&0Q> 6O :H #G
( 6O :H #=1D #C 2 X&GL anB1X&Q0%mO 'O:?5 6O P#>?YHD P:?F.  

  
vocabulary = ["ameliorate", "castigate", "defenestrate"]  
numbers = [17, 123]  
empty = []  
print vocabulary, numbers, empty  
['ameliorate', 'castigate', 'defenestrate'] [17, 123] [] 

  

8-2- m,n5F  8 *8,&<0G  

#F( 6O *O#&Q0L y?o1   *<F/C )a<0: 6Q;H rC E#G%Q@:H#@ 6O *O#&Q0L y?o1 6&n; aB&, rC %V
 a@:%O %_'7()[] (aB&, b-:L c:H#n( *> 9Ti> :H #G .F@ .RC.1: 6@ .&;#O 6Q;:L %d#- 6O   9: #<G0 

*> %2%; .1?;:  
 

print numbers[0]  
numbers[1] = 5 

  



106     89 #$" 5"  !"#$%  

 

*> a@:%O %_'7( L?; %G#< cH#n( rC E#l@ %G HL .1:?5 . *Qg2  r<C ;` a70 HL %_'7( SC:
*> \L:L P#i1 ]#BQ1: *> %&&05 :H aB&, %V#F( 9: *[C )L?;     %<pF( S&<7[C SC:%O#<FO ).GLnumbers 

 6@123  U#" )L?O5 a0: .  
*> 2&oV cH#n( %G L?; \L#mQ0: RC.1: rC P:?F( 6O .1:?5:  

  
>>> numbers[3-2]  
5  
>>> numbers[1.0]  
TypeError: sequence index must be integer  

  

      :%<8: P#<>9 E#<k- r<C ).&<BC?FO #C .&1:?TO :H LH:.1 L?82 aB&, HL 6@ E?!( .&G:?TO %Y:
L%@ .&G:?- aZ#CHL:  

  
>>> numbers[2] = 5  
IndexError: list assignment index out of range  

  
*> :H aB&, U2: 6O %-D 9: .;#O *mF> RC.1: %Y: LH#7;:  

  
>>> numbers[-1]  
5  
>>> numbers[-2]  
17  
>>> numbers[-3]  
IndexError: list index out of range  

  

numbers[-1]  2 aB&, %pF( SC%-Dnumbers[-2]  2 a0: aB&, %-D 9: %pF( S&>2L
numbers[-3] LH:.1 L?82.  

a0: U2:.Q> H#&BO aB&, RC.1: P:?F( 6O 6+'" %&0Q> rC 9: \L#mQ0::  
  

horsemen = ["war", "famine", "pestilence", "death"]  
 
i = 0  
while i < 4:  
  print horsemen[i]  
  i = i + 1  
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 q+'" SC:while  9:0  #54 *> :H LH#7; . )6+'" %&0Q> *Qg2i  #<O %O:%O )4     %<_CL 5%<; ).<;#O
*> P#C#K 6+'" 2 aB&1 H:%g%O .O#C .   *<Qg2 #<=F5 6+'" q1.O SC:%O#FOi    #<O %<O:%O0 )1 )2  23    :%<8: )a<0:

*> L?;.  
 %&0Q> )6+'" P#&> HL 6@ H#O %Gi     *<> \L#mQ<0: a<B&, HL RC.<1: rC P:?F( 6O   )L?<;i  S&<>:

*> -#` %pF( L?; . :H 6n0#o> E?_,: SC:MgDE *8(ID, *> .F>#1.  

8-3- @?&' o:F.6F  

 'O#5len *>9#O :H aB&, rC U?d .1:L%Y .t#O P:%@ P:?F( 6O H:.+> SC: 9: \L#mQ0: 6+'" rC E
a0: .&m> H#&BO aO#7 rC E#8 6O .  L?<O .&G:?T1 H?nl> #7; ).F@ %&&05 aB&, y9:.1: %Y: )v2H SC: HL

6+'" q7G 6@ .&F@ 3?( 6>#1%O P#&> HL :H #G .*> H#@ *O?- 6O aB&, y9:.1: %G E:%O #=1D .FF@:  
  

horsemen = ["war", "famine", "pestilence", "death"]  
 
i = 0  
while i < len(horsemen):  
  print horsemen[i]  
  i = i + 1  

  
*> :%8: 6+'" q1.O 6@ EH#O SC%-D  )L?;i  #O a0: %O:%Olen(horsemen)-1    #<O %<O:%O 6<@ )

a0: %pF( SC%-D RC.1: . *Qg2i  #O %O:%Olen(horsemen)    *<> *<mQF> 6<+'" 5%; ).;   2 LL%<Y
*71 :%8: 61.O L?; .%C9 )a0: ]?- SC: :len(horsemen) aB&1 E9#l> RC.1:.  

*> aB&, rC 6`%Y:  6QZH?5 aB&, ).;#O %_CL aB&, rC b>#; .1:?5)*12HL (   P:?<F( 6<O 9?FG
*> \L%7; .":2 ?!( rC L?; .a0: H#=` #O %O:%O aB&, SC: y9:.1::  

 
['spam!', 1, ['Brie', 'Roquefort', 'Pol le Veq'], [1, 2, 3]]  

  

  !"#$8-1: AQo]  *?CB K3L ", @&2  O l5"*0" _ *$3m0 x$3m&9 ", /oEZ [4&r AB *&4$@C. S" .
 >.3( A. a&bc -*2 p$  g"  AB *&CB '&Qb(len /+ /Z3e(" AL *&RF e. N*RU"  

8-4- @?&' @=;n5  

in    *<> "C#<>9D 6<,#n1L rC HL :H aC?!( 6@ a0: *,?O %_'7( rC  .<F@ .       "<TO HL :H PD #<>
7-10 : XCL?71 \L#mQ0:6,#n1L %_CL 2 #=QB&, #O %_'7( SC: #> *> H#@ ^&1 #G .F@:  
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>>> horsemen = ['war', 'famine', 'pestilence', 'death']  
>>> 'pestilence' in horsemen  
1  
>>> 'debauchery' in horsemen  
0  

  
 6@ #l1D 9:pestilence  aB&, E#!(: 9: *[Chorsemen  %_'7( a0:in   H:.<+>true 

 :H*>%O  6@ #l1D 9: 2 .1:L%Ydebauchery  )LH:.1 L?82 aB&, HLin  H:.+>false *>%O :H .1:L%Y.  
*> #>  %_'7( 9: X&1:?5not  #O j&@%5 HLin     L?<82 N.<( "C#<>9D a=8 :H PD 2 X&F@ \L#mQ0:

XC%O H#@ 6O aB&, HL E%pF(:  
  

>>> 'debauchery' not in horsemen  
1  

 

8-5-  +42 ) ,d<?&' ,J Hfor  

 q+'"for "TO HL 6@ )7-3 aB&, #O )XC.CL *> H#@ XG #G .F@ .  q<+'" E:%O *'@ vH#_1 y?o1
for a0: b[; SC.O:  

  
for VARIABLE in LIST:  
  BODY  

  
a0: .@ SC: #O %O:%O H?Q0L SC::  

 
i = 0  
while i < len(LIST):  
  VARIABLE = LIST[i]  
  BODY  
  i = i + 1  

  

 q+'"for %iZ\L *> :%C9 a0: %5   *<F/C 6+'" %&0Q> X&1:?5i   X&<F@ {f<" :H .   q<+'" #<lFC: HL
 q+'" rC 9: \L#mQ0: #O :H *'ngfor *> X&BC?1:  

 
for horseman in horsemen:  
  print horseman  

 
*> \.1:?- *B&'_1: 6&n; s#nC%+5 cH#n( SC:  L?<;:A  E:%<O) H:.<+>%G (horseman  HL) Da<B&, (

horsemen )EN#1 (horseman S@ -#` :H.B  
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*> aB&, cH#n( %G  q+'" rC HL .1:?5for L?; \L#mQ0::  
  

for number in range(20):  
  if number % 2 == 0:  
    print number  
 
for fruit in ["banana", "apple", "quince"]:  
  print "I like to eat " + fruit + "s!"  

  

  29 L:.(: N#75 )U2: U#1> S&O0  #519 *> -#` :H .F@ .     \?<&> 6<O |#&Q<;: )U#<1> S&<>2L   E#<G
*> P#&O :H P?Y#1?Y .F@. 

8-6- @?&' H,J#Y4!5 

 %_'7(+ *> !o'> XG 6O :H #=QB&, .F@:  
  

>>> a = [1, 2, 3]  
>>> b = [4, 5, 6]  
>>> c = a + b  
>>> print c  
[1, 2, 3, 4, 5, 6]  

  

 %_'7( 6O#i> H?d 6O* H aB&, rC*> H:%[5 9Ti> L:./5 6O : .F@:  
 

>>> [0] * 4  
[0, 0, 0, 0]  
>>> [1, 2, 3] * 3  
[1, 2, 3, 1, 2, 3, 1, 2, 3]  

  

 U#1> S&,2:[0]  :H4  U#1> S&>2L 2 H#O[1,2,3]  :H3 *> H:%[5 H#O .F@.  

8-7- k#8 @?&' H,J  

 "TO HL #> 6@ :H v%O %_'7(7-4 aB&, E2H %O )XC.CL *> H#@ ^&1 #G .F@:  
  

>>> list = ['a', 'b', 'c', 'd', 'e', 'f']  
>>> list[1:3]  
['b', 'c']  
>>> list[:4]  
['a', 'b', 'c', 'd']  
>>> list[3:]  
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['d', 'e', 'f']  
>>> list[:]  
['a', 'b', 'c', 'd', 'e', 'f']  

  

8-8- @?&' .6#=l>#&&V$ ,J  

6Q;H {J- %O aB&, )#G /C ).FZ#k/1: bO#g #G *<> #> *F      X&<GL %<&&05 :H #<=1D E#<!(: X&1:?<5 .  #<O
anB1 rC ;` a70 HL a@:%O %_'7( 9: \L#mQ0: *> *GL 6O :H *pTi> ?!( X&1:?5 XCH2DHL 92H:  

  
>>> fruit = ["banana", "apple", "quince"]  
>>> fruit[0] = "pear"  
>>> fruit[-1] = "orange"  
>>> print fruit  
['pear', 'apple', 'orange']  

 
*> v%O %_'7( #O 6O \H#n[C :H ?!( .F` X&1:?5 XCH2DHL 92H:  

  
>>> list = ['a', 'b', 'c', 'd', 'e', 'f']  
>>> list[1:3] = ['x', 'y']  
>>> print list  
['a', 'x', 'y', 'd', 'e', 'f']  

  

*> #> S&F)7G anB1 9: \L#mQ0: #O :H aB&, rC E#!(: X&1:?5 &, rC *GL   6<O *,#<- a<B   )#<=1D
X&F@ {f":  
 

>>> list = ['a', 'b', 'c', 'd', 'e', 'f']  
>>> list[1:3] = []  
>>> print list  
['a', 'd', 'e', 'f']  

  

*> #> S&F)7G    a<B&, HL %<u1 LH?> RC.1: 6O *,#- v%O rC HL PL:L #8 #O :H E%V#F( X&1:?5
X&F@ 6Z#$::  
 

>>> list = ['a', 'd', 'f']  
>>> list[1:1] = ['b', 'c']  
>>> print list  
['a', 'b', 'c', 'd', 'f']  
>>> list[4:4] = ['e']  
>>> print list  
['a', 'b', 'c', 'd', 'e', 'f']  
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8-9- @?&' pl2  

v%O PL%O H#@ 6O *> aB&, E#!(: {f" E:%O #G    .<;#O 9#<0#k- b<&,L S&7G 6O 2 H:?;L .1:?5 .
*> #&=> *;2H P?QC#K @a0: %5#1:?- 6@ .F.  

del *> {f" aB&, 9: :H ?!( rC .F@:  
  

>>> a = ['one', 'two', 'three']  
>>> del a[1]  
>>> a  
['one', 'three']  

 
v%O )U?7/> H?d 6O  :H %V#F( q7G #G)N2L RC.1: #5 U2: RC.1: yL2.o> HL ( *<> b>#;   ).1?<;

?- #>:*71 %O HL :H N2L RC.1: L .1%&Y.  

8-10- EF#=G,+7 ) m,&  

.&F@ 68?5 %C9 ]#BQ1: c:H?Q0L 6O:  
  

a = "banana"  
b = "banana"  

 
*>  6@ X&1:La  2b  {2%" #O 6Q;H rC 6O"banana"      *<71 #<>: )L%<@ .<FG:?- \H#<;:   X&1:?<5

*> \H#;: *1#B[C qQ;H 6O #=1D 6@ X&C?_O 61 #C .FF@ ..;#O 6Q;:L L?82 a0: S[7> a,#" 2L:  

 )LH?> S&,2: HLa  2b *> \H#;: 3'QT> ^&` 2L 6O   S&<>2L HL #>: ).1H:L *=O#i> H:.+> 6@ .FF@
*> \H#;: ^&` rC 6O 2L %G LH?> .FF@ . SC:1&L  3O 2 .1H:L X0:p-; *> \.&>#1  .1?<; .    %<G ~*<; r<C

.F@ \H#;: PD 6O .1:?QO E%&0Q> 6@ a0: E^&`.  
 rC ~*; %G%F3Cn 6O%poF> *> #> 6@ LH:L L%Z  PD X&1:?56O :H  q'&02  'O#5id XCH2D a0.O .  #<O
q0#F; PL%@ -#`  a  2b *> ~*; rC 6O #=1D #CD 6@ X&C?_O X&1:?5  *> \H#;: P#B[C 61 #C .FF@:  

 

   a             "banana" 

   b             "banana" 

   a  

   b  
  "banana" 

 b[;8-1  
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>>> id(a)  
135044008  
>>> id(b)  
135044008  

  

6O H#O 2L :H P#B[C q0#F; rC #> a+&+" HL  \LH2D a<0L  X<C: .      6Q<;H r<C  <+Z P?QC#<K *<F/C
 6Q-#0 %&0Q> 2L %G 2 a0:a  2b *> \H#;: 6Q;H r5 PD 6O .FF@.  

aB&, 6@ .&1:.O a0: j,#8 *> H#QZH *52#mQ> H?d 6O #G .FF@ . *<> :H aB&, 2L #> *Qg2   )XC9#<0
6O ~*; 2L *> a0L XCH2D:  

>>> a = [1, 2, 3]  
>>> b = [1, 2, 3]  
>>> id(a)  
135045528  
>>> id(b)  
135041704 

71 SC:%O#FOa0: %C9 cH?V 6O a,#" H:L?:  
a  2b >: ).1H:L *=O#i> H:.+>*71 \H#;: *1#B[C ~*; 6O # .FF@.  

8-11- C.8 H:,0  

*> \H#;: ~#&;: 6O #G%&0Q> 6@ #l1D 9:    )X&<GL an<B1 E%_CL %&0Q> 6O :H %&0Q> rC #> %Y: ).FF@
*> \H#;: ^&` rC 6O 2L %G .FF@:  

>>> a = [1, 2, 3]  
>>> b = a  

: HL b[; !O#k> a,#" H:L?71 )LH?> SC8-3 a0::  

  a             [ 1, 2, 3 ] 

  b             [ 1, 2, 3 ] 

 b[;8 -2  

 b[;8 -3  

a   

b   
[ 1, 2, 3 ] 
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  c2#mQ> N#1 2L P#B[C aB&, rC P?`a  2b  *<> )LH:L    a<B&, PD X&C?<Y 47w:    a<0: \.<; .
6O c:%&&05 *> %&745 E%_CL HL U.O rC HL \.>D L?82 LH:fY:  
  

>>> b[0] = 5  
>>> print a  
[5, 2, 3]  

 
*> H#QZH SC: 6`%Y: g2: *G#Y ).;#O .&m> .1:?5  a<0: ]?'k>#<1 #C \%uQF>%&} c# . 6<O    *<'@ H?<d

U.O 9: EH:LL?- S:7k> %CfK%&&05 ~#&;: #O H#@ N#_FG E9#0  a<0: %5 .      %Cf<K#1 %<&&05 ~#&<;: E:%<O 6<Qn,:
LH:.1 L?82 *'[i>. 6Z%<V E:%O :H aV%Z \#Y%G P?QC#K 6@ a0: b&,L SC: 6O     HL ).<F&nO j<0#F> *C?<8

U.O LH?> 6Q;H E9#0 > b7( 61:L:9D #G* .F@.  

8-12- @?&' #&hD$ ,J  

       r<C 6<O )X<CH:L 6<_1 *'<V: a<B&, 9: *A@ rC S&F)7G 2 X&GL %&&05 :H *QB&, X&G:?TO %Y:
 aB&, L?- 9: *A@ SQ-#0 E:%O *C#1:?5)PD eHLD  +Z 61(XCH:L 9#&1 ) .   q<7'@ N#<=C: 9: E%&Y?'8 E:%O

/zB  s#"JkV: .FC:%Z SC: 6O!D'mG *> 6QmY L?;.  
\L#0 \:H SC%5 a0: v%O %_'7( 9: \L#mQ0: aB&, rC %&1[5:  

  
>>> a = [1, 2, 3]  
>>> b = a[:]  
>>> print b  
[1, 2, 3]  

  
 9: v%O %G SQZ%Ya *> .C.8 aB&, rC L9#0 .    a<B&, b<@ E:?<Qo> E:%O v%O )a,#" SC: HL

a0: \L#QZ: |#m5:.  
  

 aB&, LH?> HL *1:%_1 P2.O P?F@:a *>  aB&, X&1:?5b 61:L:9D :H X&GL %&&05:  
 

>>> b[0] = 5  
>>> print a  
[1, 2, 3]  

 

  !"#$8-2:  S" . [r3] ,"-@m0 p$a  _b  *&CB 6F,  &&\( #$" 5" *=. _ YEZ.  
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8-13- @?&' #<7FO,> 9F;L5  8 ,J  

6O aB&, rC PL#Q0%Z *> 'O#5 6O :H aB&, 9: eHLD rC 'g:2 HL P#>?YHD P:?F(   r<C 61 ).Q0%Z
PD 9: *A@ .sJ1>  'O#5head 6O :H aB&, rC *> %Q>:H#K P:?F( *>%O :H PD ?!( S&,2: 2 L%&Y .1:L%Y:  
  

def head(list):  
  return list[0]  

  

a0: \.; \L:L P#i1 'O#5 SC: 9: \L#mQ0: 9%d #lFC: HL:  
  

>>> numbers = [1, 2, 3]  
>>> head(numbers)  
1  

 
 %Q>:H#Klist  %&0Q> 2numbers U.O 2L %G G    .FQ<BG P#<B[C ~*<; r<C E:%O *C# .  H:L?<71

6O a,#" a0: %C9 cH?V:  
\L%@ X0H ]#g 2L S&O HL :H PD )a0: I%Qi> ]#g 2L %G E:%O aB&, ~*; 6@ #l1D 9: XC:.  

*> \.G#i> :H c:%&&05 \.F1:?-:%Z ).G.O aB&, %Q>:H#K HL E%&&05 'O#5 rC %Y: .F@ .  U#<1> E:%O
deleteHead  aB&, rC ?!( S&,2:*> {f" :H .F@:  

  
def deleteHead(list):  
  del list[0]  

*> :H 'O#5 SC: 9: \L#mQ0: 9%d #lFC: HL .&F&O:  
 

>>> numbers = [1, 2, 3]  
>>> deleteHead(numbers)  
>>> print numbers  
[2, 3]  

 

         list 

numbers 

[ 1, 2, 3 ] 

__main__ 

head 

 b[;8-4  
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 *<> 9#O :H aB&, eHLD ).1:L%Y9#O :H *QB&, 'O#5 rC %Y:  .<1:L%Y .   )6<1?71 E:%<Otail   *Q<B&,
*> 9#O :H U2: ?!( 9: %&} ~#!(: q7G b>#;  .1:L%Y:  

 
def tail(list):  
  return list[1:]  

 
 H#@ *_1?_` #lFC: HLtail  *> :H .&F&O:  

 
>>> numbers = [1, 2, 3]  
>>> rest = tail(numbers)  
>>> print rest  
[2, 3]  

 
a0: \.; 6Q-#0 v%O %_'7( rC #O *QiY9#O H:.+> P?` %G 2 a0: .C.8 aB&, rC SC:%O#FO )

 HL RK SC: 9: 6@ E%&&05rest  HL E%&745 (&G L?; \L:Lnumbers a;:fY .G:?T1.  

8-14- @?&' ;$OG;$ H,J  

   L?<; \L:L "C#<71 E%<_CL aB&, HL ?!( rC P:?F( 6O 6@ a0: *QB&, 6QZH?5 aB&, rC . HL
 RC.1: #O ?!( aB&, SC:3 a0: 6QZH?5 aB&, ):  

  
>>> list = ["hello", 2.0, 5, [10, 20]]  

  

 #> %Y:list[3]  )X&F@ -#` :H[10, 20] *> 6l&Q1 :H XC%&Y .6O E:%O  E#!(: PLH2D a0L
*> 6QZH?5 aB&, X&F@ b7( !C%d 2L 6O X&1:?5:  

 
>>> elt = list[3]  
>>> elt[0]  
10  

 
*> *Q" #C X&F@ j&@%5 XG #O :H #=1D X&1:?5:  

>>> list[3][1]  
20  

 
 a@:%O E#G%_'7()[] (*> *O#C9H: a0:H 6O ;` 9: )    ?<!( S&>?<0 cH#n( SC: SC:%O#FO 2 .1?;

*> :H aB&, *> P2%&O :H PD %pF( S&,2: 2 L%&Y .i@.  
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8-15- q=#$,7 ,J  

aB&, RC%5#> PL:L P#i1 E:%O j'}: ?5HL?5 E#G *> \L#mQ0: #G .1?; .RC%5#> 61?71 E:%O:  

6O a0: S[7> 1 %C9 cH?VL?; \L:L "C#7:  
  

>>> matrix = [[1, 2, 3], [4, 5, 6], [7, 8, 9]]  

  
matrix *> RC%5#> E#G%k0 9: *[C ?!( %G 6@ a0: ?!( 60 #O *QB&, .;#O .*> #>   X&1:?<5

6O U?7/> v2H 6O :H RC%5#> 9: b>#@ %k0 rC XCH2D a0L:  
  

>>> matrix[1]  
[4, 5, 6]  

 
*> 6[FC: #C : \L#mQ0: #O X&1:?5X&F@  H#- RC%5#> 9: :H .":2 ?!( rC *BC.1: 2L v2H 9:  

  
>>> matrix[1][1]  
5  

 
*> ]#TQ1: :H P?Q0 )N2L RC.1: 2 %k0 )U2: RC.1: .F@ .    RC%5#<> "C#<71 \:H S<C: 6<`%Y:   #<G

aB&1 S[7> \:H #=F5 #>: a0: U?7/> .P?Q0 aB&, 9: \L#mQ0: E:%O )r`?@ %&&05 rC 6O #G  aB&, E#8
L?82 #G%k0 LH:L .EL#&FO yH#` E%Fi[CL rC 9: \L#mQ0: #O \.FCD HL .CL X&G:?- E%5.  

8-16-  <EO @?&' ) ,J ,J  

.&m> 9: LH?> 2L  U2M#> 'O:?5 SC%5string aB&, ) 6Q;H 9: *C#G 6O :H #G    *<> X<G  L^<&>D .  'O#<5
split *> c#7'@ 9: *QB&, HL :H 6Q;H rC .F[; .6O "&K H?d :H#@ 9: L:./5 %G 3%Z   E#<!Z E#<G%Q@

a0: \.; 6QZ%Y %u1HL c#7'@ S&O HL 9%> rC )*,#-:  
 

>>> import string  
>>> song = "The rain in Spain..."  
>>> string.split(song)  
['The', 'rain', 'in', 'Spain...']  

1      2     3 

4      5     6 
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 N#1 #O EH#&Q-: P#>?YHD rC X8(c*>        9%<> #<G%Q@:H#@ N:.<@ 6<[FC: PL%<@ 9T<i> E:%O .1:?5
'@L?; \L#mQ0: ).1?; 6QZ%Y %u1 HL c#7 . qQ;H %C9 U#1>'ai' *> \L#mQ0: bC#" P:?F( 6O :H .F@:  

  
>>> string.split(song, 'ai')  
['The r', 'n in Sp', 'n...']  

 
*71 %G#< aB&, HL bC#" 6@ .&F@ 68?5 L?;.  

 'O#5join  'O#5 R[(%Osplit *> b7( .F@ .6Q;H 9: *QB&, 'O#5 SC: H #G*> :   :H #<=1D 2 L%&Y
*> bpQ> XG 6O PD am8 2L %G P#&> *,#- E#!Z rC #O .F@:  

  
>>> list = ['The', 'rain', 'in', 'Spain...']  
>>> string.join(list)  
'The rain in Spain...'  

 
 .F1#>split  'O#5 )join *> EH#&Q-: bC#" rC *> 6Q;:fY ~#!(: S&O 6@ L%&Y L?;:  

  
>>> string.join(list, '_')  
'The_rain_in_Spain...'  

 

  !"#$8-3:     M3?&+ (3?E(,"string.join(string.split(song))  _song  ",
*&O-   n .ARn, %mO S" . 3'0X 3$X /+ )_3eR+ 3'0X >Z@+ AL N*CR4O M34s$ 3O N*0@n  

8-17- STF)  7,6  

list )MgDE(  
6(?7l>  #O ~*; %G 6@ ~#&;: 9: N#1 E:H:L E:*> 9Ti> RC.1: rC L?;.  

element )@&B <!WAB(  
 aB&, %CL#+> 9: *[C)6,#n1L %_CL #C #G .(*> ]#TQ1: :H aB&, rC %V#F( a@:%O %_'7( .F@.  

sequence )HE(j#1(  
6(?7l> b>#; 6@ \L:L %:?1: 9: rC %G 6O ).;#O j5%> %V#F( 9: E: EH?d   6<O ?<!( %G 6@   q'&<02

.;#O \.; 9Ti> *BC.1:.  
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nested list )-# 31 MgDE <H)N3@G MgDE(  
.;#O %_CL aB&, rC 9: E?!( 6@ *QB&,.  

list traversal )MgDE *8(ID,(  
aB&, %V#F( 9: rC %G 6O j5%> 2 *,:?Q> *O#&Q0L.  

object )p-;(  
 .F@ \H#;: PD 6O .1:?QO %&0Q> rC 6@ E^&`.  

aliases )47: (.(  
61#Y.F` E#G%&0Q> :H E.":2 ~*; eHLD 6@ E: .1H:L %O HL.  

clone )!D'mG(  
LH:L PD L?82 PD 6O#i> H:.+> 6@ E.C.8 ~*; SQ-#0 .   r<C )~*<; rC HL eHLD PL%@ *A@

*> U.O *71 %&1[5 :H ~*; #>: L9#0 .F@.  

delimiter )X((c(  
6Q;H #C %Q@:H#@  r&[m5 bo> PL:L P#i1 E:%O 6@ E:)|#o,: #C (*> H#[O 6Q;H L2H.  



-/'H2:Q 'D  
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